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EDITORIAL NOTES. 


Progress ın 1921. 


The main features of interest in 1921 would appear to be the published 
recommendations of the X-ray and Radium Protection Committees, and the 
publicity given to the German work on deep radiotherapy. As to protection 
this country has admittedly led the world in its organized attempt to induce 
hospital and other authorities to safeguard their X-ray workers on this score. 
The widespread interest in the Protection Committee’s recommendations and 
the ever-increasing extent on which they are being acted by both profession 
and trade have amply justified the Committee in its labours. With regard 
to the value of the new methods in deep therapy time alone can be trusted to 
provide a just verdict, But it can at any rate be claimed that the intensive 
treatment has been responsible for introducing a novelty into induction-coil 
design, and it has given a very desirable fillıp to the ionization method of 
measuring X-ray dosage. Furthermore we have been led to appreciate the 
effects of scattering when X-rays are transmitted through tissue, for calcula- 
tions based on pure absorption data have been shown to be unreliable in 
estimating the amount of radiation reaching a certain depth. 


The tendency of the times is undoubtedly in the direction of increasing 
the co-operation between the physicist and the radiologist, and we are glad 
to see this tendency strengthened by both the Cambridge Diploma and the 
Society .of Radiographers. 

* * * * 
Dr. Hall Edwards. 

The Carnegie Heroes Fund Trustees at Dunfermline on Jan. 26th, 1922, 
awarded a medallion and an annuity of £100 to Dr. J. Hall Edwards, of 
Birmingham. It will be recalled that as a result of his pioneer work Dr. 
Edwards contracted dermatitis which has necessitated the amputation of the 
left hand and forearm and four fingers of the right hand. We trust that Dr. 
Edwards will long be spared to continue his work as a radiologist in which 
he has won such eminence, and that he duly enjoyed the “ bloomer ” in the 
Times, of January 27th, which referred to Dr. Edward’s “ ex-ray experiments.” 
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The Protection Committee. 

We publish elsewhere the second memorandum of the X-ray and Radium 
Protection Committee. We welcome it as an obvious step in the direction of 
standardization of much that is associated with the science and practice of 
radiology. We venture to express the hope that the Committee, representing 
as it does all the various radiological societies in this country, may feel 
encouraged to seek authority to take an enlarged view of its functions, and 
ultimately deal with such questions as dosage and the specification of a unit 
of X-ray intensity. The committee has investigatory facilities at its disposal, 
and its parent societies can doubtless be relied upon to furnish the necessary 


resources. 
* * * * 


Forthcoming Events. 
The joint meeting with the Institution of Electrical Engineers and the 
Electrotherapeutics Section of the Royal Society of Medicine is arranged for 


Thursday, April 27th, at the Institution of Electrical Engineers. 
* * * * 


The Silvanus Thompson Lecture by Sir Oliver Lodge, will be delivered 


on Tuesday, March 2Ist, at the Institution of Electrical Engineers. 
* * * * 


A joint meeting with the Physical Society is under consideration for 


next session. 
* * * * 


The Mackenzie Davidson Memorial Lecture of the Electrotherapeutics 
Section of the Royal Society of Medicine will be given on Feb. 17th, by 
Dr. G. W. C. Kaye. 


New Puysicat Institute.—The announcement appears in Science of August 12th, 1921, 
that Prof. R. A. Millikan, of the University of Chicago, has been appointed director of the 
new Norman Bridge Laboratory of Physics at the California Institute of Technology, and 
chairman of the executive council of the institute. An income of 9§,000 dollars for the new 
laboratory alone has been promised by the institute, and additional funds available comprise 
sums of 200,000 dollars and 50,000 dollars, which have been promised by Dr. Norman Bridge 
for the extension of the laboratory and its library respectively. With this generous provision 
it is hoped to create a large and effective laboratory for research in physics. In conjunction 
with the laboratory, the Southern California Edison Company is to erect an experimental station 
in the grounds of the institute for the investigation of the transmission of electric power at 
high potentials ; Prof. Millikan will be partially responsible for the direction of this station. 
The main problem, however, which Prof. Millikan proposes to attack is the constitution of 
matter and its relation to the phenomena of radiation, a task for which the new laboratory 
will provide exceptional opportunities. Prof. H. A. Lorentz, of the University of Leyden, will 
act during the winter term as lecturer and research associate in order to supplement the work 
of the mathematical physics department. Dr. C. G. Darwin, of Cambridge, has been appointed 
professor of this deparment for the academic year 1922-23. 


A Girt For Scirentiric REsEARCH.—The Times Paris correspondent says that Baron 
Edmond de Rothschild, member of the French Institute, has announced to the Académie des 
Sciences his intention to devote the sum of 10,000,000 fr. ({'200,000) to the foundation of a 
laboratory of scientific research. The proposed institute will be chiefly devoted to the develop- 
ment of physical and chemical science, and its application to industry and agriculture. 
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X-RAY AND RADIUM PROTECTION COMMITTEE. 
MEMORANDUM No. 2. 
Following Preliminary Report (Memo. No. 1) of July, 1921. 


N view of the widespread uncertainty and anxiety as to the efficacy of 
| the various devices and materials employed for the purposes of protection 
against X-rays, the X-ray and Radium Protection Committee strongly 
advises that the Heads of X-ray Departments of hospitals and other institutions 
should safeguard themselves and their staff on this score by recommending 
to the Hospital Authorities the adoption of the following precautions :— 


(1) The various protective appliances should be inspected and reported 
on by the National Physical Laboratory (N.P.L.), Teddington. In the event 
of an adverse report, early steps should be taken to carry out the recommenda- 
tions of the Laboratory. The Laboratory is prepared, wherever possible or 
expedient, to engrave (or otherwise suitably mark) the N.P.L. monogram and 
year of test on such appliances as provide the full measure of protection laid 
down in the Preliminary Report (July, 1921), of the Protection Committee. 
It should be pointed out that, in the case of materials which may deteriorate, 
e.g., lead rubber, such inspection should be periodic, say every twelve months. 


(2) Within the Committee’s recent experience, the working conditions of 
X-ray Departments, e.g., lay-out of installations, degree of scattered radia- 
tion, ventilation, high-tension insulation, etc., are often unsatisfactory. It is 
recommended that such conditions be inspected by the N.P.L. and that early 
steps be taken to give effect to such alterations as may arise out of their report. 
It is advised that, in the planning of new radiological departments, advantage 
be taken of the facilities available at the N.P.L. 


(3) Manufacturers of X-ray apparatus are also invited to assist in 
reassuring the public by actively co-operating with the Committee in its 
recommendations. It is suggested that protective materials or equipment 
should not be sold or incorporated into an installation unless accompanied 
by a specification based upon an N.P.L. certificate or report stating, in terms 
of the equivalent thickness of lead, the degree of protection afforded. 


In the interests of both the trade and profession, it is urged that manu- 
facturers should put themselves into a position to be able to guarantee that 
their apparatus complies completely with the recommendations of the 
Committee. 


(4) The Committee recommends that the various instruments dealing with 
the measurement of current (ammeters and milliammeters) and voltage, be 
standardized by the N.P.L. With reference to the measurement of secondary 
voltage, the Committee recommends that every installation should be provided 
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with adequate means for enabling this to be easily effected, e.g., by kilovolt- 
meter, sphere-gap voltmeter, or the like. 

(5) The Committee would further urge that Heads of X-ray Departments 
should insist upon complete N.P.L. inspection of imported materials and 


apparatus. Ä 
Dec. 12, 1921. 


Dimensions oF Atoms anD MoecuLes.—In the July, 1921, issue of Science Progress, 
Prof. W. L. Bragg gave a summary of our knowledge of the dimensions of atoms and molecules. 
He pointed out that the kinetic theory of gases allows us, from measurements of the viscosity 
or the heat conductivity of a gas, to calculate the mean distance of the centres of two mole- 
cules of the gas apart when the molecules are in contact, that the constant b of Van der Waals 
furnishes another estimate of the distance, and that the two estimates agree in giving about 
2x 108 cm. for the mean radius of hydrogen and helium molecules and about 3 x 10”® cm. 
for the mean radius of the molecules of argon, nitrogen, oxygen, carbon dioxide, and 
other gases. With these figures as a basis, X-ray crystal analysis then gives the relative 
positions of the atoms in the molecule of the material analysed. So far the most careful 
analysis of crystals of potassium chloride has, however, failed to reveal any structure corres- 
ponding to the KC] molecule. Each K atom is surrounded by six Cl atoms at equal distances 
from it. For chlorides the distances vary with the metal in the molecule, are large, 3 to 5 x 
1078 cm., for the first elements of a “ period,” and decrease to a limit 1'3 to 2'7 X 10° for the 
last elements. 


THE STABILITY or ATtoms.—Prof. Sir E. Rutherford, F.R.S., commenced his lecture on the 
above subject to the members of the Physical Society of London, on June Ioth, 1921, by 
referring to the earlier work in which attempts at the disintegration of atoms had been made. 
Traces of hydrogen and helium had been found in discharge tubes believed to be initially free 
from these gases, but it was clearly impossible to establish that no source of contamination 
was available, and that the results were due to disintegration of the atoms of other substances. 
The properties of the nucleus atom were then recalled and the method of attack most likely to 
succeed in breaking it up was discussed. It is easy to remove electrons, but these are replaced 
almost immediately and the atom remains as before. It is necessary therefore to attack 
the nucleus, and to do this successfully requires extremely swift particles. 

Slides were shown illustrating the effects produced when a-particles fired through hydro- 
gen collide with an atom, and experiments were illustrated and described from which the 
conclusion has been drawn that when an a-particle collides with a nitrogen atom, a hydrogen 
atom is expelled from the nucleus. The speed of these is in excess of what can be obtained 
by collisions in hydrogen gas itself, so that the result cannot be accounted for by contamin- 
ation of the nitrogen with hydrogen, but must be due to the disintegration of the nitrogen 
nucleus. Recent results on the disintegration of aluminium and other elements were 


briefly indicated. 
X-RAYS AND FEeret.—The Daily Graphic reports that Messrs. Babers, Ltd., 309, Oxford 


Street, have installed an X-ray apparatus so that the proper fitting of customers’ shoes can 
be tested visually. 


Tue Institution oF ELECTRICAL ENGINEERS.—At a recent meeting of the Privy Council 
held at Buckingham Palace, the petition of the Institution for a Royal Charter of Incorporation 
was approved, and a Royal Charter has been granted. His Majesty the King has been 
graciously pleased to intimate his willingness to become patron of the Institution. 


X-RAY “ How Ler.”—In describing the recent Medical Exhibition at Westminster, a 
London morning paper stated that “ there is also a diaphragm which scatters the radiation 
so effectively that the radiographs give clear detail of the most delicate tissue.” 


X-RAY TREATMENT OF TuBERCULOsIS. The President of the Board of Education has 
stated the results of a trial of X-ray treatment of tubercular glands in school children are 
not such as to justify further expenditure on the continuance or extension of the experiment. 
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PRESIDENTIAL ADDRESS. 
By Pror. J. W. Nicuotson, M.A., D.Sc., F.R.S. 
(Read Nov. Ist, 1921.) 


N undeserved honour is harder to acknowledge suitably than one which 
A the recipient feels that he has deserved. The Society has called me to 
its Presidential chair, as the successor to a recent line of Presidents 
of a remarkable kind. Presidents are elected on various grounds—I do not 
seek to know the grounds in my own case—but recently this Society has, with 
a frequency which is most unusual, selected those who have done, in this 
country, the bulk of the work which constitutes the real fundamental develop- 
ment of our science. They have laboured just as much towards the spread of 
an interest in our objects, and have devoted themselves to the service of the 
Society. It is not necessary for me to mention names, for every member of 
the Society is well aware of the sources of that prosperity and status which it 
enjoys to-day. But the grouping together, in this way, of these ‘grand old 
men ’ of the Society— who are not in fact old at all—impressed me forcibly as 
my first duty in this address. 

Their succession is very difficult to follow, whether the selected individual 
represents the medical or the physical side of our activities, for one of the most 
striking things about the Society is the harmony and real co-operation which 
exist between its two aspects. Our Journal alone shows that hardly any 
paper is ever presented in which, in the paper itself or at least in the discussion, 
the medical and physical aspects do not both loom greatly. I feel rather too 
much of a pure physicist to be competent to carry on this tradition with the 
perfection we see at present, but with the help of the Society, on which I know 
I can rely; in giving us really fine discussions of all the material presented to us, 
something approaching that perfection may be reached. I am deeply grateful 
to have been the recipient of this honour from a Society which we all regard 
with a very real affection, for the Society has a personality of its own which 
is quite unique. 

A remarkably active session has been concluded, marred unhappily by the 
loss of some of our members, for we must record the deaths of Dr. Neale McLeod, 
Captain Glasson, Dr. L. H. L. Harris and Dr. Ironside Bruce. One of the 
greatest tragedies in the history of our science was the untimely fate which 
overtook Dr. Bruce. The details are only too familiar to everybody here, and 
it would seem that even yet there is much to be done before radiology ceases 
to claim its martyrs. This lesson is impressed the more forcibly in that the 
-death of Dr. Bruce came so soon after that of Dr. Lyster, one of our most 
devoted members, and was accompanied by the same fortitude and deter- 
mination to work to the end. We have a noble memorial to Dr. Lyster at the 
Middlesex Hospital and another is in contemplation at Wandsworth Common, 


6 The Journal of the Röntgen Society. JAN., 1922. 


in the form of new X-ray apparatus and equipment. We must hope that our 
science will ultimately possess similar memorials to Dr. Bruce. 

This tragedy stirred the Society very deeply, and it was clear that much 
of its work must be concentrated on the problem of obtaining adequate pro- 
tection from the rays until a solution, appropriate to the tubes now in use, is 
found. Dr. Knox took the initiative, and, as a result, a very representative 
committee has been quietly working out all the details of the problem. 
Complete co-operation has existed with other societies concerned with 
radiology. 

The Society now has five new Honorary Members, of whom we must 
specially notice Dr. Hall Edwards and Mme. Curie. The name of Dr. Hall 
Edwards is a household word, and in electing Mme. Curie, as its first woman 
Honorary Member, the Society has done great honour to itself. 

It is peculiarly fitting that our Society, which contains so many women 
members who are doing valuable work, should be in the forefront of those who 
recognise the work of distinguished women of other countries, and decline to 
be afraid of what is sometimes called the ‘feminine invasion.’ We are the 
second to have such an honorary member, the Royal Astronomical Society 
being the first. | 

I have already mentioned the X-ray and Radium Protection Committee, at 
least indirectly. While we await its more extended report, it would be unfair to 
ignore some of the results of its activities. For one result is the work now being 
carried on at the National Physical Laboratory, which has examined a large 
number of X-ray departments in various hospitals, and almost invariably found 
that their equipment as regards protective appliances is by no means satisfac- 
tory. We know that this is not the fault of the hospitals concerned, but it is 
clearly a matter of fundamental importance that our Society should take a 
leading part in setting such matters on a proper level—in fact, the initiative 
might well come from us, and I anticipate that much of the work of the coming 
session will be in this direction. I have, naturally, in my remarks concerning 
the immunity of the operator, dwelt mainly on the victims of inadequate 
protection who were personally known to us, but we must not forget that there 
are Others, and the question is essentially an international one with which our 
Society may well be proud to be associated. For we cannot forget the fate, 
for instance, of Dr. Charles Infroit, chief of the Radiographic Laboratory of 
the Saltpetriere Hospital in Paris, who for ten years, though knowing his fate 
was sealed, went on with his investigations while almost deprived of all his limbs 
one after another. But when he died, he had designed an installation in 
advance of anything before, and had at least protected his successors. I cannot 
say too strongly that though the investigation of X-ray phenomena from 
the point of view of the patient is of necessity the fundamental activity of our 
medical members, it is vital, in view of the new dangers which arise from the 
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radiations now in use, that operators should have some further concern about 
their own welfare, and should direct at least a part of their researches to this 
subject. For many sciences have been erected over the bodies of martyrs, and 
we do not wish our own science of Radiology to become the classical example 
to be quoted by future generations. 


May I now turn to the general advancement and appreciation of the 
science of Radiology ? Its recognition in all our Universities as a distinct 
branch of science—a recognition to which perhaps that of its nearest ally, 
Spectroscopy, is a close parallel—is proceeding. The fundamental gain in 
status due to the action of the University of Cambridge in instituting 
a Diploma in this subject has been followed quickly by a similar Diploma in 
Medical Radiology and Electrology at Liverpool, which exacts a minimum of 
six months post graduate work from a student before he can be examined. The 
Head of the Department is Dr. Thurstan Holland, twice a President of this 
Society, and once very recently, and one of our real pioneers on the medical 
side. The general foundation of such departments in all our Universities is an 
essential preliminary to our ultimate aim, which is to establish the science of 
Radiology on as independent a basis as sciences, for instance, like Physics or 
Physiology, and we are proud to know that the Röntgen Society has been 
so active and that individual members, and more especially its recent Presi- 
dents, have done much of the spade work which has led to everything which 
has yet been achieved in this direction. 


And at this juncture, I should like to return to a project which was much 
discussed during the Presidency of Major Kaye—our possible application for 
a Royal Charter. Perhaps, as was natural at the time, we treated this rather 
as a domestic subject, and for the time being, decided adversely. It is not in 
the province of a new President so early in his tenure of office, even to expound 
his own personal opinions on such questions of policy to the Society, but I 
cannot refrain from suggesting that we have now come so definitely to represent 
the new science of Radiology, and to have its future as an independent science 
so completely in our hands, that the time may be ripe for a new consideration 
of the old bases of our conclusions, for many of such bases have been reduced 
to insignificance by the recent activities of the Society. The insignia of such 
a Charter would be a most fundamental means, as we probably all agree, of 
advancing this recognition of a science which the Universities are already 
beginning to appreciate. And as such an advance, rather than our own 
advance, is our main object, I can only crave the sympathy of the Society for 
this project, and ask for full consideration by individual members, for if it 
could be carried through during my tenure of office, I should be able to surrender 
the Chair to my successor with a feeling that something really significant had 
been achieved on the political side of our activities. I am diffident about 
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bringing this matter forward in my address, but perhaps the strong feelings 
which I hold on the matter may serve as my excuse. 

I turn now to some of the more striking events of our last session, and 
though it may be unusual for one President to comment at length on the 
address of his predecessor, the Society will perhaps agree with me that the 
address of Dr. Knox in November last year was a landmark in our history, for 
it prescribes the prevailing note of all our discussions and activities for a long 
period. It certainly dominated our last session, and leaves little indeed for 
anyone else to say, and incidentally, it makes it quite useless for me to give any 
general review of the present condition of work on X-rays. I can only refer 
back to him, and endeavour to continue the story as he left it. 

And I begin just where he did leave it—with his suggestion of the urgent 
need in this country for a Research Institute of Radiology, the final aim of our 
fund in honour of Mackenzie Davidson. The Institute of Physics now exists, 
its energetic secretary being one of our own ex-Presidents. The scheme outlined 
by Dr. Knox, which has at least my own complete support, is somewhat different 
but in no way precludes its existence by the side of the Institute of Physics and 
in close co-operation with it, The physical, chemical, biological and physio- 
logical sides could all be investigated by a company of mutually co-operating 
workers, who could hand on their problems to each other as they arose. The 
science of Radiology is in such a state that nothing short of a Research Institute 
can possibly give an immediate acceleration to progress, for it abounds with 
unsolved problems, all of immediate need and containing more for the future 
of the human race than any problems we can think of in other sciences. The 
devoted workers in our own Society, who have shewn us this vision, cannot 
carry on more than a few things at a time, and these of a specialized kind. 
What is needed is a simultaneous attack, in one large laboratory, on some 
fundamental problem from all its sides. Such problems might be, for instance, 
the question of immunity and the problem of deep therapy which is now so 
prominent. I should like to take this occasion to make a personal appeal to 
every member of the Society to go out into the wilderness and preach the need 
for contributions to the Mackenzie Davidson fund. Sir James Mackenzie 
Davidson, in the earlier days of Radiology, was our real pioneer, and his work 
was never appreciated sufficiently in his life time. He was devoted to our 
Society, and we in turn owe a great debt to his memory, and it should be our 
duty to raise a noble memorial to it, which should stand as the great Radio- 
logical Institute of the world. Other countries are not slow to perceive the 
present position of the science, which must rapidly now group together all the 
isolated data which have been collected, into comprehensive generalizations 
such as we find in physical science or in physiology. Dr. Knox cited a very 
convincing instance last year even from Russia under its present régime. That 
an Institute of Réntgenology and Radiology can exist, and actually be built 
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in Petrograd within recent years, while none exists here, is rather a sad com- 
mentary on the rate at which facilities for our research work can be obtained. 
I believe that the hands of the Society would be greatly strengthened by the 
acquisition of a Charter, even if we only acquired it with a view to furthering 
an object of this kind. 

Members may begin to think that my address is becoming almost a political 
oration, so that I must now direct our thoughts elsewhere. I hope that the 
Society has not expected me to take some branch of the pure physical side of 
X-rays, and expound it in detail, or give a history of the progress made in it 
during the past year. Advisedly I have not done this, believing that such a 
course is not suitable for an address of this kind, in which my primary duty 
should be to deal with the present position of the Society and its future—either 
as a Society, or in relation to other Radiological movements—more particularly 
to outline what I regard as its most probable or desirable main activities during 
the next session. ~ 

If, being of a mathematical turn myself, I may be allowed to use some 
mathematical terminology for a moment, I should describe the Society, during 
recent years, as progressing with a very high velocity. But of course we cannot 
be content with that. We want an acceleration as well, so that our velocity 
becomes higher and higher each year. Only in such circumstances can we be 
really satisfied, and the particular problems or questions of policy which I am 
emphasizing are those which, in my opinion, are most calculated to produce 
this acceleration. It is specially pleasing to think that they correspond in a 
large measure with the particular things on which our individual members are 
tending to bestow the greatest attention at present. 

For I believe that the time has come when we must really make up our 
minds as to the things we want, and the order in which we want them, either 
for ourselves as a Society, or for the future of Radiology in this country, and I 
think with pleasure of the exceptionally strong council we possess this year. 
Detailed survey of specific problems seems at this juncture to come better into 
our general sessional work. We now have the annual Silvanus Thompson 
lecture, and this provides a unique opportunity for the survey of some branch 
of our science. I do not need to remind members of Prof. Hill’s lecture last 
session on Electrical Instruments and phenomena in Physiology, or of the 
address by Dr. Aston on Positive Rays, to which the first Mackenzie Davidson 
medal of the Society was awarded. 
| In fact our Journal for the past few years contains summaries of many of 
the branches of science which are related to our own main studies, and it is 
rapidly becoming, under its present editorship, a valuable work of reference to 
many whose interests are not primarily radiological. It was a fortunate 
circumstance, for the standard of the work submitted to the Society for pub- 
lication, that the Council should have found it possible to found the Memorial 
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Lecture and the Annual Medal. We have been remarkably successful in 
attracting the outside experts in regions which are related to our own main 
interests as Radiologists. 

I have the temerity to call even myself a Radiologist, for though my 
studies of the phenomena of X-rays are, in these days, entirely theoretical, and 
done from the point of view of the light they throw on atomic structure, and 
though the questions which I do at present investigate in the laboratory are 
concerned more with visible radiation whose wave lengths are so great in 
comparison with those of X-rays which have a medical significance, there 
nevertheless was a time when I was a Radiologist. For I was in charge of the 
first X-ray installation at the Cancer Hospital at Manchester as far back as 
1901 and 1902, when I was a student of pure Physics in the rest of my time, 
and from this fact springs the interest which I, in common with many others 
who no longer pursue Radiology, have always continued to feel in the develop- 
ment of this new Science—and, I may add, the anxiety we share with the 
medical profession that operators entrusted with such work must have a medical 
qualification. This is a question which has, in the past, aroused some dis- 
cussion in our Society, but which is now happily settled. I can only say that, 
speaking as a physicist, I am in the most complete sympathy with my medical 
colleagues in this matter, and my sympathy is founded on memories which, 
though perhaps of shorter duration than those of many present, may be of 
earlier date. We were great amateurs in those days, and though my conscience 
knows that I made no serious mistakes with patients, the possibility of such 
mistakes was always quite clear. 

When with such a remote experience—for it is remote as far as modern 
Radiology is concerned—we look back at such times, and compare the con- 
ditions then with those in existence at present—for our Society gives us many 
opportunities for observation at all our leading centres where treatment is 
given—the contrast is overwhelming. And much of this contrast may fairly be 
put to the credit of the Röntgen Society and to its individual members. We 
need our research Institute to make this contrast more finally decisive. 

May I return again to Dr. Knox’s address ? Perhaps it is fair to say that 
the most fundamental problem before our medical members is that of deep 
therapy. The problem admits a very simple statement :—Only one part 
in ten of the incident radiation will pass through about three inches of tissue, 
but after this point the passage is easier. How are we to administer a large 
dose at a greater depth in the tissue without a completely overwhelming one 
on the surface ? One of the fundamental points about a solution of this 
problem is the need for a very homogeneous radiation. It gives me peculiar 
pleasure to remember that, from a different and entirely physical point of view 
I gave an address before the Society, before this problem of deep therapy had 
arisen in its present acute form, on the homogeneity of visible radiation, in 
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which I drew an analogy to the corresponding thing in Röntgen radiation. It 
becomes clearer that the physicist and the medical man have problems in 
common which, whatever their origin in either case, are essentially the same. 
Then again, our knowledge of the absorption in the tissues of the very 
penetrating radiations, is by no means satisfactory. We are not, in fact, sure 
that these radiations of great penetration, whether nearly homogeneous or not, 
are really necessary, and for obvious reasons, a solution of the problem which 
could dispense with them would be very desirable. I anticipate that much 
of the work presented to the Society in the near future will be concerned with 
these very fundamental aspects of the problems presented on the medical side 
of our subject. As for those on the physical side, if would be superfluous for 
me to say anything about many which are the most interesting. We had 
recently, for instance, Sir William Bragg’s address on X-rays and Crystals, and 
he left nothing for anyone else to say. We had a remarkable account of the 
progress in this, the most advancing part of the subject of X-rays, from one 
who is the prime mover in this advancement. Then again, we have had an 
address from Dr. Coolidge, and what can I do, in regard to the question of X-ray 
tubes, but refer the Society back to Dr. Coolidge’s address, with which I would 
couple the remarks of Dr. Knox in his Presidential Address, relating to the 
Lilienfeld tube. These should be read over and over again by every practical 
operator in the Society. The selection of the best tube for a given purpose is 
clearly largely a matter of what the physicist calls ‘* personal equation.” Itis 
abundantly clear to me, for instance, after following the discussions which have 
taken place, that experience enables certain workers to obtain results 
with a certain tube which others cannot. I think we are only at the beginning 
of a real understanding of the precise properties of the rays—homogeneity, 
degree of penetration, and so forth—which we need for specific purposes, and 
of the fact that there are often several ways of doing the same thing. We need 
to know the conditions, which are most effective among several alternatives, 
more closely, and I anticipate that much work will be done in the near future 
on the relative merits of different types of tubes. But I do wish to emphasize 
that much ought to be concentrated on the production of the most homo- 
geneous radiation possible, and we are clearly very far from this at present. 
One point seems to me essential for future work. We must develop the 
habit of measuring the effect of a radiation by its wave-length, which should 
be the tabulated number defining the radiation, instead of various other 
numbers now used, defining its penetrating power or some other property. 
For all such properties change continuously with the wave length, and the 
obtaining of a very penetrating radiation is not distinct from that of obtaining 
one of extremely small wave length. In practice, we cannot obtain one of a 
specific wave length from a tube without the presence of others, which we must 
find the necessary means to get rid of, by suitable screens or otherwise. I 
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constantly draw an analogy between X-ray spectra and visible spectra. They 
are not different in kind, but only in properties—in fact, X-rays are not different 
in kind from radiant heat, and from radiant heat to the penetrating X-ray there 
is quite a gradual gradation of properties of the radiation. We cannot at present 
bridge the gap between them, though much progress has been made recently. 

My plea is that our numerical standard of a radiation should be its wave 
length in Angström units. Green light, for instance, is about 5000 Angstroms 
in wave length, violet is about 3000 or so. Then, in the direction of shorter 
wave length, we reach the ultra-violet, which can be made perceptible and 
measurable by its power of exciting phosphorescent material or otherwise. 
But at this point we reach a difficulty. For though our instinct tells us that 
the radiation sent out by the sun stretches far down the scale, and must include 
X-rays as well—there is even good ground for the belief that the sun is intensely 
radioactive—we are absolutely precluded from an investigation of these 
radiations, which are absorbed in toto by our atmosphere beyond a certain 
point. In the laboratory we are not precluded so seriously. By the use of 
tubes of quartz it is possible to find and measure the spectrum of a substance 
in what is generally known as the Schumann region, and by this means, cutting 
down the absorption of the radiation by the walls of the tube, and working in 
vacuo to prevent gaseous absorption, Lyman was able to measure radiation, 
with some accuracy as regards its wave length, down to 600 A units, which was 
a very fundamental advance, and began to get near to the X-ray. We may 
quote the typical X-ray as having a wave length of about 1 A—that is to say, 
a radiation of such a wave length could not be called anything but an X-ray. 
A gap between 600A and 1A remained. As we had gone from 50,000 or more— 
50,000 is an easy problem for the bolometer, being in the region where the 
radiation is called radiant heat—to 600, or through a range practically of 50,000, 
a range of 600 does not seem great in comparison. But there is another point 
of view, and our thoughts take a different turn when we reflect that the last 
radiation measured is 600 times the wave length of an X-ray. The gap some- 
how seems formidable and very large. 

Now much progress is going on in recent times towards the reduction of 
this gap, and radiations are being detected within these limits 1 and 600. We 
have one set of methods on the one side for measuring and even perceiving a 
radiation, and another set on the other. For instance, a radiation which is 
indubitably an X-ray can have its wave length measured by means of crystals, 
which cannot be used on the other side, as the wave lengths in question are too 
long. We want an entirely new method applicable to the intervening region, 
for it clear that we are not going to bridge the gap by pushing the methods of 
the two sides to their extreme limits of utility and hoping that they will meet 
somewhere at a wave length when either can be used. 

Such new methods are being devised, and perhaps it is not out of place if I 
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give a brief statement of these extremely fundamental attempts to link up 
X-radiation with other radiation into a continuous sequence, for in so many 
cases a physicist is able to predict with certainty, the nature of a bundle of 
X-rays produced under any circumstances from his knowledge of the corres- 
ponding nature of the visible light produced. We know, to take a simple 
instance, that we cannot get a K-radiation from an atom of matter without 
the corresponding L-radiation and many others. We even know the numerical 
characteristics of these radiations from a given atom, and if all but one are to 
be got rid of for a practical purpose, we know the penetrating power of those 
to be got rid of. We can select special screens which will deal with them 
individually, as the astronomer in the visible spectrum takes photographs of 
solar prominences in light of a definite wave length—such as the Ha line of 
hydrogen, or the H and K lines of calclum—and obtains information as to the 
actual distribution of hydrogen and calcium in the sun’s chromosphere. In 
the same way, Radiology can find further and more intuitive means of develop- 
ment if we can form this habit of characterizing a radiation solely by its wave 
length, and that this can be done with great accuracy and speed in all cases 
will be clear to those in the Society who recall some slides I shewed not long 
ago, taken by the Duc de Broglie in Paris, of typical X-ray spectra of atoms— 
they had a clearness comparable with that of the photographic reproduction 
of an ordinary visible spectrum. 

Some very recent work has nearly bridged this gap in our capacity to 
detect the presence of radiation. Prof. Richardson and Dr. Bazzoni deter- 
mined the short wave limit of the helium spectrum, at about 450A—a quarter 
of the way from the preceding 600A. But Prof. Millikan of Chicago, has now 
succeeded in measuring radiations down to 200A. When we remember that 
the longest X-ray apparently yet measured has a wave length of 12AU, below 
which X-rays can be measured—it was done by Friman in 1916 (Phil. Mag.) 
we see that the gap has sunk to less than 200A. Whether we can bridge this 
the future will show, but we seem to need an entirely new method, which will 
certainly be the fundamental object of research of many physicists. 

I had intended to speak also of the photography of X-rays, and more 
especially of the sensitiveness of plates to such radiation. But my address is 
already long enough, though I wish to direct the attention of our members to 
a most suggestive and important investigation by Prof. Laby and Miss Allen, 
in the Proceedings of the Royal Society of Victoria, in Australia—for it is 
outside the run of the usual literature in which we search for work done outside 
our Society. 

And so at this point I will conclude, and I can only express the hope and 
belief that we are about to have yet another successful session, and my gratitude 
for the fact that I have such a body of colleagues to cover up any deficiencies 
of my own. 
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Prof. SIDNEY RUSS said he thought they were all agreed that it was a very great virtue 
on the part of the President to have a great faith in the Society which he led, and from what 
Prof. Nicholson had told them that evening they could not have any possible doubt that he 
possessed such a faith. He evidently had a high opinion of them all, and although some of the 
officers of the Society might at times have felt their ears tingling he was quite sure they would 
forgive Prof. Nicholson for any temporary inconvenience in that respect which he had caused 
them. The address, he thought, had been specially stimulating — he used the word 
“ stimulating ” because it did really impart that exhilarating motive which was so necessary 
to success and progress. Prof. Nicholson had given them a splendid survey of the subject in 
which they were interested—not necessarily the kind of survey which those others of them who 
were intimately connected with the work might have made, but it was all the more valuable to 
have at times a survey from someone a little more detached. They knew that they were going 
to have an enjoyable evening with Prof. Nicholson, and he was quite sure they had not been 
disappointed. He proposed a hearty vote of thanks. (Applause.) 

Mr. C. E. S. PHILLIPS said that it was his privilege to second the vote of thanks to Prof. 
Nicholson. One of the great charms of the address had been its personal and informal character. 
It had been a sort of personal chat to them, and those of them who had only known Prof. 
Nicholson a little felt now that they knew him a great deal better, and that he was really one 
of themselves, with the same hope in the progress of radiology that they had. Many of the 
matters which he had raised, in a purely conversational manner, had great possibilities, as 
they all knew, and members should feel very much indebted to him for the trouble he had taken 
in preparing his remarks. They looked forward with practical certainty to a successful session 
under Prof. Nicholson’s Presidency. Each session was more or less dominated by its President ; 
that was only the natural thing to expect and it would make them look forward this year to a 
sort of physical flavour in the work and discussions. He hoped that there would be papers 
dealing with the question of measurement and the other points which Prof. Nicholson had so 
ably raised. 

The vote of thanks was accorded by acclamation, and 

THE PRESIDENT acknowledged the compliment, and assured the members that he 
would do his best during his term of office to further the objects of the Society. He thanked 
them very warmly for their kind expressions of appreciation, 


NEW BYE-LAWS. 

The following bye-laws relating to the publication of papers read before the Society 
were approved, under Rule 18, by the Council at its meeting on Jan. 10, 1922 :— 

(1) That a “ Papers Committee ” be formed consisting of the Editor of the Journal, 
the two Secretaries of the Society and one other member of Council. The Editor to act as 
Chairman of the Committee. 

(2) That the main duty of the Committee shall be the consideration of papers presented 
to the Society for reading and publication. 

(3) That, to facilitate the work of the Comittee, the MS of a paper shall ordinarily 
be received by the Secretaries from the author at least a month before the meeting at which 
the paper is down for reading. 

(4) That a paper shall not be set up in type until it has been submitted by the Committee 
to at least one referee, who shall appraise the paper with regard to its substance, form, brevity, 
legibility and number of illustrations. 

(5) That the Papers Committee may invite any suitable individual, preferably a member 
of the Society, to act as a referce to a paper. 

(6) That when a paper has been duly approved by the referee for reading and publica- 
tion the Committee shall, whenever possible and expedient, arrange for advance proofs to 
be available for members before the paper is read to the Society. 

(7) That the Committee shall decide whether advance galley-proofs of the paper shall 
(a) be posted to all members before the meeting, or (4) be posted only to those members who 
apply for them in response to a notice to that effect inserted in the monthly agenda sheet. 
In either event it would be arranged for copies to be available for distribution at the meeting 
before the reading of the paper. 

(8) That a paper may not be regarded as available for publication in extenso elsewhere 
until it appears in its final form in the pages of the Journal of the Society. 


JAN., 1922. The Journal of the Röntgen Society. 15 


THE PHYSICS OF THE X-RAY TUBE. 


By G. W. C. Kaye, O.B.E., M.A., D.Sc., F.Inst.P. 
(Read June 16th, 1921). 


High Potential Generators. 


SUBJECT that has often been discussed before the Society in the past 
A is the relative efficiency of gas and Coolidge tubes and of transformers 
and coil outfits. At our joint meeting with the Institution of Electrical 
Engineers about a year ago a lengthy discussion took place on the question, 
but no very satisfactory conclusions were reached. A great many of our diffi- 
culties and a good deal of the confusion we have experienced have, in part, been 
due to the inadequacy of our measuring instruments. For example, it is now 
generally agreed that we have relied too much on the readings of the milliam- 
meter. It is, of course, a very useful instrument, but alone it does not tell 
us enough. During the last year or so a number of workers have used two 
additional instruments, the oscillograph and the X-ray spectrometer, and 
by these means succeeded in clearing up a number of points which have 
worried us in the past. 


The outstanding fact in connection with X-ray generation is the relation 
discovered long ago by Sir J. J. Thomson, and since verified experimentally 
by a number of workers, that the output of general X-rays from an X-ray 
bulb is roughly proportional to the square of the voltage applied. The other 
factors which influence the energy output are all first-power factors and are 
thus not so important. That fact supplies the answer to the question of 
what is the right kind of exciting potential to apply to a bulb. From the point 
of view of efficiency it is important to maintain the exciting voltage as high as 
is feasible for the work in hand and, in generating that high potential, to 
obtain it as undiluted as possible with lower. potentials. The ideal then would 
appear to be the constant high potential of the kind obtained, for example, 
from an influence machine—if one could get an influence machine in this 
country which would withstand the vagaries of our climate. This tallies, 
I think, with the experience of various continental and American radiographers, 
who have succeeded in using influence machines to advantage. 


In this country, however, the transformer or induction coil is practically 
always employed. The essential differences between the transformer and the 
induction coil are (1) the transformer climbs up relatively slowly to its 
maximum potential and climbs down at the same rate of speed, whereas the 
induction coil normally climbs up rapidly to its maximum potential and 
climbs down nearly, though not quite, as quickly ; (2) for the same frequency 
the period of duration of the higher voltages approximating to the peak voltage 
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is much longer with a transformer than with a coil. In other words the coil 
curve is more “ peaky ”’ than the transformer curve. 
Fig. 1 shows the potential curves of a number of exciting media :— 
(a) Constant potential. 
(b) Coil-discharge. 
(c) Coil-discharge rectified (that is, with the inverse current removed). 
(d) Transformer-discharge of single phase. 


(e) Transformer-discharge of single phase, rectified selectively (the 
peaks alone picked off by a rotating commutator). 

(f) Transformer-discharge three-phase. | 

(g) Transformer-discharge three-phase rectified (giving a rough approxi- 
mation to a constant potential). 


+ Voltage . 
ee CHARACTERISTIC CURVES FOR GAS AND 
__ I Phase rechjred. COOLIDGE TUBES. 
Fig. 1. Fig. 2. 


Gas and Coolidge Tubes. 


Before attempting to decide: which is the most practically useful form 
of high potential generator, the first thing to settle is, with what kind of X-ray 
tube are we going to use it. There is a vital difference between a gas tube 
and a Coolidge tube. Fig. 2 illustrates the characteristic curves of the two 
kinds of tubes. One curve shows the current-voltage curve of a gas tube, 
the steep part of the curve representing the region over which the ordinary 
gas tube works. It will be seen that, as the voltage on the tube is increased, 
the current through the tube steadily mounts up. The three other curves 
refer to a Coolidge tube at different filament temperatures. As the voltage 
is increased the current climbs up to a steady value and remains at that value, 
no matter how much the voltage is increased ; in other words the tube becomes 
saturated. The only way we can increase the current is by raising the tem- 
perature of the filament. | 
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Fig. 3 shows another feature of the Coolidge tube, namely the “ space- 
charge ” effect. In the gas tube there are two kinds of carriers, the positive 
atoms and the negative electrons. In the Coolidge tube the conditions are 
such that practically all, if not all, the current is carried by electrons alone. 
The electrons, crossing over from one electrode to the other, serve, by electro- 
static repulsion, to make the path more difficult for those electrons which 
are following ; a choking or space-charge effect is produced, with the result 
that there is a limit to the amount of current that can be sent through the 
tube. Thus the current-temperature curve for a Coolidge tube climbs up to 
a Maximum and stays there. The only way to increase the current is to raise 
the exciting voltage and thus get the electrons out of the way more quickly. 


RESTRICTING EFFECT OF SPACE-CHARGE 
ON CURRENT THROUGH A COOLIDGE TUBE. 


Fig 3. 


We see then there are two restricting factors on the current through a 
Coolidge tube. We might, therefore, anticipate that the gas tube would be 
the more efficient of the two. This is illustrated by Fig. 4 (due to Dauvillier), 
which shows a curve of output from a Coolidge tube as against the output | 
from a gas tube. The abscissae are wave-lengths and the height of the curve 
at any point represents the amount of X-rays of that particular wave-length. 
It follows that the total output of rays (of all wave-lengths) from any particular ` 
tube is afforded by the area of the curve. In Fig. 4 the output of the gas 
tube is roughly twice that of the Coolidge, both tubes beirg transformer driven. 

Fig. 5 represents typical potential and current curves for both Coolidge 
and gas tubes excited by a variety of types of potentials. First we have 
a constant potential applied to a Coolidge tube on the supposition that the 
voltage is sufficient to saturate it. The current is steady. The same potential 
applied to a gas tube results in a very different state of things; instead 
of a steady current through the tube we get an intermittent peaky current. 
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Next consider the transformer with a sine potential curve. In the case 
of the Coolidge tube the current chmbs up to a steady saturation value and 
drops once more as the potential loop finishes. With the gas tube the trans- 
former gives rise to a series of current peaks, the heights of which wax and 
wane, corresponding to each potential loop. 

Finally the coil and mercury interrupter give rise to a current curve 
which is more peaky with the gas than with the Coolidge tube. 

We notice that, whereas in the case of the Coolidge tube the shape of 
the current curve is affected by the type of exciting voltage applied, we find 
that it is much less affected in the case of the gas tube. In fact we get a 
general common type of intermittent discharge through a gas tube no matter 
what the kind of exciter. The tube is evidently the dominating factor in 
the case of a gas tube. 

- The above facts are consonant with the results afforded by the X-ray 
spectrometer.’ Fig. 6 (due to Dauvillier), shows the X-ray spectrum of a 
Coolidge tube with tungsten target, using different exciters under like condi- 
tions. As before, the areas of the curves represent the several X-ray outputs. 
We see that the best result is secured with the constant potential ; the trans- 
former comes next and the coil last. | 
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XRAY OUTPUT OF COOLIDGE TUBE (TUNGSTEN 
TARGET) EXCITED BY VARIOUS GENERATORS. 
48.000 VOLTS. | MLLIAMP. UNFILTERED . 


Fig. 5 Fig. 6. 


In Fig. 7 is an analogous curve (due to Hull in America), representing 
the X-ray output from a Coolidge tube operated by 70,000 volts D.C. and 
2 milliamperes. If alternating current is used, with the same peak voltage 
and milliamperage, the X-ray output suffers ; it is represented in the figure 
by the smaller curve. If now the A.C. is increased from 2 milliamperes to 3, 
a curve is obtained which closely approximates to that obtained with direct 
current at 2 milliamperes, showing that the output suffers in the ratio of about 
2 to 3 when alternating current is employed. 
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Fig. 8 shows output curves (due to Dauvillier), obtained with a gas tube, 
using different exciters as in Fig. 6. We notice that there is not much difference 
between the curves; they approximate to one another much more closely 
than was the case with the Coolidge tube—a result doubtless related to the 
gencral resemblance between the various oscillographs of the current through 
a gas tube whether excited by coil, transformer, or constant potential. 


INTENSITY DISTRIBUTION OF XRAY SPECTRUM OF TUNGSTEN . 
70.000 VOLTS. AC. & DC. 


Fig. 7. 


The Quantum Limit. 


Fig. 9 represents the spectrum of X-rays yielded by tungsten when excited 
at 40,000 volts. This curve will serve to remind you that one thing that is 
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EXCITED BY VARIOUS GENERATORS Wave totem 
48.000 VOLTS | MILLIAMP UNFILTERED INTENSITY DISTRIBUTION OF XRAY SPECTRUM OF TUNGSTEN 40000 VOLTS 
Fig 8. Fig. 9. 


definite about this curve is the position of the shortest wave-length present. 
It is a perfectly definite point, called the quantum limit, which is related very 
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preciscly to the maximum voltage applied to the tube. We now know that 
the maximum voltage is inversely proportional to the quantum limit, so that 
the one can serve as an exact measure of the other. Measurements of the 
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Fig. 10. X-Ray Spectra. 


quantum limit by the X-ray spectrometer will, I imagine, prove to be the 
basis of an instrument for measuring high voltages in the future.* 


0.45 AND 115 MILLIAMPS. 
Fig. Ir. 


* ] have since learnt that such an instrument is already in use in Germany. 
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X-ray Spectra. 

Fig. 10 shows a number of photographs of X-ray spectra, due to Müller. 
In the case of the first seven spectra, which all refer to platinum, we notice 
the steady shift in position of the quantum limit---the gradual shortening 
of its wave-length as the exciting voltage increases. The last three spectra 
are for copper, lead and platinum. We see that if the same exciting voltage 
is apphed to each the quantum limit does not depend on the metal used. 


Factors controlling X-ray Output. 

Fig. 11 shows the effect of current variation on the general X-ray output 
of a tube. There are two curves, one for 0-45 milliamperes and the other 
for 1-15, the voltage being the same in each case. The range of wave-lengths 
obtained from the bulb is not affected by the milliamperage employed, but 
the area of the 1-15 curve is considerably greater than that of the 0-45. There 


is a very close relation between the milliamperage and the area of the curve ; 


in fact, they prove on measurement to be proportional. 


5 B b 
Wave Length xia Sem 
XRAY OUTPUT OF COOLIDGE TUBE . 40.000 VOLTS 
( UNFILTERED & 3nım Al FILTER) & 30000 VOLTS ( UN- 
FILTERED ) 


Fig 16. 

Fig. 12 shows the effect of variation of voltage on output of general 
X-rays, the milhamperage being kept constant. If we measure the areas of 
the several curves we find they increase roughly in proportion to the square 
of the voltage. 

In Fig. 13 we have similar curves for higher voltages. The feature here 
Is that, at about 70,000 volts, the curves are beginning to develop peaklets, 
Which at still higher voltages almost dominate the curves. The peaklets are 
the spectrum lines of characteristic radiations ; when they are present the 
output of X-rays increases more rapidly than by a square-of-voltage law. 

Fig. 14 shows output curves for various targets platinum, tungsten, 
molybdenum and niekel, in every case with 35,000 volts and 1 milliampere. 
If we measure the areas of these curves we find they are roughly proportional 
to the atomie numbers of the elements. 
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From Figs. 11, 12 and 14 it follows that (ignoring characteristic radiations) 
the AAY output (I) from a Coolidge tube is given by— 
I=kiV’N 


where 7 is the current, V the voltage, N the atomic number of the target, 
and œ is a const. 


Filtering of X-rays. ` 

Fig. 15 shows spectrographically the effect of filtering X-rays through 
3 mm. of aluminium. The exciting voltage is 70,000. 

In Fig. 16 we have a similar 40,000 volt curve, the rays being unfiltered, 
and a second curve showing the effect of filtering through 3 mm. of aluminium. 
We find also that 30,000 volts unfiltered gives a curve of the same maximum 
height as 40,000 volts filtered, but the shapes of the two curves are very 


different ; there is much more soft radiation in the case of the unfiltered 
40,000 volt. 


Wt So eee 
INTENSITY DISTRIBUTION OF XRAY SPECTRUM OF 
TUNGSTEN. 110.000 VOLTS. 
Fig. 17. 

Fig. 17 illustrates a method used by Hull to get that ideal of radiologists, 
homogeneous X-rays. His work and that of others has shown that one of 
the best ways of getting homogeneous X-rays is to apply the optimum voltage 
to an X-ray bulb so as to excite one of the characteristic radiations of the 
target very strongly. If the X-rays are then filtered through a material 
made of the same metal as the target, the general radiation is largely removed 
and the majority of the rays that are transmitted are found to be homogeneous. 
If, instead of filtering with the same metal as the target, we choose a metal 
whose atomic number is one or two points less, an even better result is obtained. 
The chief disadvantage of the method is that the X-rays, although homo- 
geneous, are of feeble intensity. 
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DISCUSSION. 


Prof. SIDNEY RUSS: I did not know quite what aspect of the subject the lecturer was 
going to deal with, but I have listened to everything he has said with the closest interest. 
With scarcely an exception the diagrams which have been shown this evening have directed 
one’s attention to the physics of the subject ; practically every curve has brought out some 
physical feature which is going on inside the bulb co-related to what goes on outside. One’s 
view-points about the process going on in a gaseous discharge have been greatly modified by 
the advent of the Coolidge tube. In the diagram which showed the saturation current going 
through a Coolidge tube, one missed the end-piece of the well-known saturation curve, which 
served as a reminder that there is noend. The next curves demonstrated the surprising fact 
that if you increase your heating filament current for a definite voltage you are no better off, 
and they also bring out the fact that you have got a space charge of negative electricity filling 
up the space between the two terminals. We have been very fortunate in having a paper 
which has directed our attention to these matters. The author always makes his points as he 
goes along and has very good reasons for his conclusions. I think he has given in a very 
clear way the reasons for the difference in the observed behaviour of the Coolidge and gas 
tubes. It is a well-known fact that for given working conditions the output of radiation from 
a Coolidge tube is much smaller than from a gas tube. The author has emphasized the fact 
that if we are going to explain these things we must come back to the fundamental aspect of 
the subject ; all these things in the end have to be referred to physics. In that way he has 
done a great service and stimulated us all. 


Mr. C. E. S. PHILLIPS: It seems to me we do not all realize how it is one is able to 
get an increased output from an X-ray tube when the voltage is constant and the current 
increased. The important thing in this connection is the amplitude of the wave. I have 
often noticed that the question of amplitude never seems to be mentioned. Major Kaye will 
correct me if I am wrong, but I take it the increased output is due to greater amplitude in the 
wave. One thing the paper may make us realize is the futility of attempting to make elaborate 
physical investigations into these radiations during the time the patient is being treated. 
By knowing accurately the physical conditions under which the radiation is produced one 
ought to know exactly what the physical properties of the radiation will be, and from that the 
therapeutist should be able to find out what are the therapeutic actions of those rays. I 
imagine that an X-ray department in the future will be run somewhat on the following lines : 
the radiologist would have his department for treatment and so on, but there would also be a 
physical laboratory in which the radiations would be carefully analysed and investigated, so 
that the radiologist can be told “ With a certain spark gap, and with a current of a certain 
amount going through the tube, the radiation you will get will have certain definite properties.” 
With regard to measuring intensity, as things are improved and when the exact electrical and 
physical conditions under which the radiation is produced are known, it should eventually be 
possible definitely to define intensity. 


Dr. F. L. HOPWOOD: Major Kaye has given us the present state ef the problem, 
but he has not told us what the next step is to he. The trouble is that there is no money avail- 
able for research and improvement ; knowledge of these things cannot be acquired without 
experiment. ‘Taking the X-ray tube as it is, there are a number of ways in which it 1s deficient. 
We know, tor instance, that a large proportion of the energy put into a tube comes out as heat. 
We want to convert our energy into useful X-rays and into homogeneous X-rays. We know 
how to get homogeneous X-rays, but they only form a small percentage of the total rays 
produced, and the total X-rays produced are themselves only a small proportion of the total 
energy put into the tube. We know that X-rays are produced by a bombardment of negative 
particles shot off at a high speed. We know that we get X-rays when those particles suffer 
a change in speed, as they do when they hit a target, but we do not know what goes on at the 
target. We know the electron is shot off and comes in contact with the little world surrounding 
an atom, but we do not know—to put it baldly—which side the atom is presenting to the 
electron, and whether there is a best side to it. I am not aware whether experiments have 
been carried out with, say, crystalline anti-cathodes. Theoretically, the atom should radiate 
differently according to the direction in which it is bombarded. 


Our present methods of producing electrons may not be the best. There are other ways 
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by mechanical means such as friction, by electrostatic stress, by ionizing radiations, by heat, 
and in another way, which does not seem to have been tried but which promises very well— 
by chemical action. If the electrons in the tube were produced by chemical action one might 
be able to get a cheap tube. Another point is that X-rays are produced by throwing the 
electrons at a screen: but suppose we threw the screen at the electrons at the same time ? 
If we threw in one direction negative particles and in the other direction positive atoms, 
theoretically we should get X-rays. It is an experiment I should like to try ; I do not know 
if it has been attempted. 

Dr. N.S. FINZI: Ishould like to ask the author if he can enlighten me on a phenomenon 
which is probably well-known to workers with very hard Coolidge tubes. I use a Coolidge 
tube actuated by a coil and a Wehnelt interrupter ; my heating filament is controlled by an 
accumulator. I work very near to my spark gap, which is set at 12 inch, so that there is bound 
to be an occasional spark across that gap. My tube is running quite comfortably at 6 milli- 
amperes and then a spark will pass across the alternate cap. Immediately the current through 
that tube is no longer 6 milliamperes, but about 9, and the tube has apparently become con- 
siderably softer. Another thing has happened at the same time ; my heating filament current, 
without touching the resistance controlling it, has increased ; it has gone up, perhaps, from 
from 4'5 to 4'6. 

Mr. W. E. SCHALL: With regard to Dr. Finzi’s remark about his Coolidge tube, it 
seems to me the current through the tube increases because after the alternate spark has taken 
place the heating current increases. But why does the heating current increase ? I can only 
mention an experience which we ourselves seem to get frequently, namely that when we are 
running a Coolidge tube with heating current from a transformer fed by a rotary converter 
everything goes well until an equivalent spark takes place. When that takes place things go 
wrong ; the rotary will burn out or the fuse goes. I do not know why that happens ; I should 
welcome enlightenment. 

Major K. EDGCUMBE: I think the trouble Dr. Finzi complains of may be due to 
resonance. An electrical circuit possesses a certain amount of inductance and a certain amount 
of capacity, and when those are in the right proportion you get resonance and very high mo- 
mentary voltages may be generated. That may account for the breakdown of the machine, 
but whether it would cause an increase of current I do not know, unless the insulation of the 
regulating resistance was broken down temporarily. That seems to be an objection to using 
a spark gap as a means of measuring the voltage on the tube. I should have thought it would 
not be a very difficult matter to use an electrostatic voltmeter for these high voltages, and 
measure them in that way with a very fair degree of accuracy. 

Mr. W. E. SCHALL: An electrostatic voltmeter has been constructed, one pole of 
which is connected to the negative pole of an induction coil or high tension transformer ; the 
other pole is free and meagures the voltage between the negative pole and the air, and in that 
way gives a measure of the voltage on the tube. The strange thing about it is that with one 
and the same tube it will give quite a different result according to whether you run the inter- 
rupter fast or slow, or if you alter the type of supply to the tube. That may be due, of course, 
to an actual change in the supply of volts to the tube, but the difference in the reading obtained 
is so great that one is led to believe there are other factors which influence it, chiefly the fre- 
quency of the interruptions that are coming through. The kilovolt meter that I refer to is one 
which measures purely the voltage of self induction on the primary of the transformer. It 
does not measure the voltage supplied to the primary, but the extra current which is produced 
by self induction in the primary. 

Major KAYE, in reply said :, One point I should like to emphasize is it is clear from the 
various X-ray spectra that, even when we use a steady exciting potential, we do not get homo- 
geneous X-rays. With reference to measurement of X-ray intensity the Coolidge tube, excited by 
transformer discharge, gives us a readily reproducible unit, so that we could erect such an outfit, 
say, in Paris and bring it to London with some certainty of getting the same kind and quantity 
of output; that may help us to a practical means of realizing an international standard of 
X-radiation. In reply to Mr. Phillips, the increase of X-ray intensity with the current through 
a tube is surely adequately accounted for by an increase in the number of X-rays produced. 

Dr. Hopwood referred to the possibility of a moving target, such as positive rays. Curi- 
ously enough, the same suggestion was made by Mr. Campbell Swinton a few weeks ago at my 
Cantor Lectures at the Royal Society of Arts. I should be interested to hear of any success 
Dr. Hopwood may achieve in such an experiment. 
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Dr. Finzi’s conundrum was almost completely answered by Major Edgcumbe. I agree 
the trouble is probably due to resonance, one result of which is that a very large voltage is 
momentarily applied to the bulb and a momentary release of gas, or possibly tungsten vapour 
(from the target) takes place. The effect is temporarily to increase the current through the 
bulb. By the slight emission of gas, also, radiation losses from the cathode are increased, 
the temperature of the cathode diminishes momentarily, the resistance of the cathode goes 
down and, as a result, the current through the cathode is increased. As the gasis gradually 
reabsorbed the effect passes away. As to the resonance effect of spark gaps, I think if a water 
or other high resistance in series with the gap were used more frequently a lot of these 
troubles would disappear. 

THE PRESIDENT (DR. KNOX) : I wish to propose a hearty vote of thanks to Major 
Kaye for his most interesting paper and for promoting this discussion at very short notice. 
I hope next session we may continue the discussion and deal with other difficulties which 
radiologists encounter in connection with the X-ray tube. e" 

The vote of thanks was carried by acclamation. 

Mr. H. D. QUINTON (communicated) : I think there can be little doubt that the pheno- 
menon recounted by Dr. Finzi is due to high-frequency oscillations. The battery, resistance 
and filament forming a closed oscillating circuit, it is probable that quite appreciable high- 
frequency currents oscillate therein when a spark takes place, particularly if anything 
approaching resonance exists. These oscillating currents might be quite sufficient to give 
the increase in filament current and the resuitant higher milliampérage. 

The temporary short circuiting of part of the resistance as suggested by Major Edgecumbe 
might also occur, or even of adjacent filament turns. The short circuiting of part of the 
filament might be aided by actual movement of the turns, due to the alterations in the electro- 
static stresses to which they are subjected, which would occur upon the discharge taking 
place across the gap. 

One would expect these effects to be lessened by the inclusion of a non-inductive resistance 
of, for example, water or graphite, in the spark gap circuit, as was suggested by Major Kaye. 
If this were not entirely effective a similar resistance connected across the filament would 
provide an alternative path for the oscillations and another connected across the ammeter 
would probably limit the reading to the actual battery current. These resistances could 
have a fairly high value, so that little battery energy would be lost. 

Another possible explanation of the increased milliamperage occurs to me, arising from 
the suggestion of Major Kaye that gas might be liberated by the action of the extra high 
voltages produced by the oscillations. This freed gas might lead to a bombardment of the 
cathode by positive ions, and as its mass is comparatively small an appreciable rise in tem- 
perature would result. I may mention that I have observed even the molybdenum leading 
in wires to the filament of a Coolidge tube, in which there were small quantities of gas, become 
red hot, and this heating I can only ascribe to bombardment by positive ions. On the other 
hand | do not see how bombardment by positive ions could account for the increase in filament 
current, but rather the reverse, owing to the increase in filament resistance with temperature. 


Cox-CavenpisH ExectricaL Co., Lrp.—We have received the 1921 edition of the cata- 
logue of X-ray Apparatus, which describes very fully and clearly and with many illustrations 
the numerous well-known specialities of this Company, who will be pleased to forward 
a copy of the catalogue on request. 


BuREAU OF STANDARDS.— In a recent report on the war activities of the Bureau of 
Standards, Washington, reference is made to the use of X-rays in a study of the clinching 
of the nails used in repairing the soles of boots for the American army. 


Mippiesex HosriraL.— The Queen and the Earl of Athlone paid a private visit on 
Saturday, December roth, 1921, to the Middlesex Hospital, and in the course of their tour 
of inspection visited the Cancer Research Laboratories and learned something of the work 
undertaken by the use of radium and X-rays. 


X-RAY [UBE Insurance. Messrs. X-Rays, Ltd., announce the inauguration of a novel 
Insurance policy to cover the loss of X-ray tubes by breakage, fire, theft or puncture. 
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INVESTIGATIONS OF TRANSFORMER RECTIFIER SETS. 


By M. A. CODD. 
(Read November 6, 1921). 


HE question is frequently asked, “ Why does a coil and interrupter set 
give better results for a given milliamperage than a transformer, other 
conditions being equal ?”” In the following paper I propose to advance 
certain suggestions and give certain details of improvements in the design of 
transformer rectifier sets which should tend to bring them more to the level 
of the best points of coil apparatus. 


In order to obtain some comparison between the transformer set on which 
I proposed to experiment and a large size 16” coil, I exposed pastilles in each 
case using an alternative gap of 5” between points, taking 5 milliampéres 
mean current. With the coil the pastille turned in five minutes, whereas, 
with the transformer six minutes were needed to turn the pastille, or 20 per 
cent. longer. Increasing the gap to 9 in. and altering the current to 2-5 M.A., 
gave almost identical results. 


To what then is due this apparent discrepancy ? The first inclination 
is to blame the milliammeter, but although this only reads the arithmetical 
mean current I do not think it can be held to be inaccurate, the true reason 
being the difference in wave form of which the milliammeter does not take 
account. This is the first factor. 


The second factor is what I call the Impulse Ratio of the tube. By this 
I mean the ratio of the voltage necessary to break down the initial resistance 
of the tube to the voltage necessary subsequently to keep it in action. With 
gas tubes the impulse ratio is high, and I am inclined to attribute their superio- 
rity to thermal tubes to this reason. It is arguable that on this basis thermal 
tubes can have no impulse ratio, since theoretically they should run on the 
voltage applied and not require an additional breakdown voltage, but even 
then this is not quite true, since a Coolidge tube requires a slightly lower voltage 
to run it hot than when cold. Moreover a high voltage impulsive discharge 
through a thermal tube must accelerate the departure of the electrons to a 
greater degree than when the correct voltage is applied comparatively slowly. 


Admitting the truth of the two factors outlined above, let us consider the 
conditions contingent on the use of the induction coil and transformer. A coil 
of good repute nominally rated at 12” spark gap could, were it not for con- 
siderations of insulation and the limiting propinquity of the discharger pillars, 
give a spark nearly twice this length if forced, and a 16” coil a spark approxi- 
mating to three feet. Since the current in the tube 1s dependent on the voltage 
applied it will be seen that a very considerable current must flow for an instant 
of time. A spark of two or three feet cannot be applied to the tube without 
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the alternate gap of, say, 6 or 8 inches breaking down. Were the spark of 
appreciable duration this would undoubtedly be so, but since the duration of 
the peak of the impulse is of the order of zoos of a second, the alternative 
gap has not time to become ionized and therefore no spark passes. The 
potentiality of the spark is, however, within the coil, although not manifested 
at the gap, and is used first in charging the capacity of the tube, then in break- 
ing down its initial resistance, and finally in the generation of the desired rays. 


Fig. 1 shows roughly to scale the wave form of current through (a) a gas 
tube with coil, (6) a Coolidge tube with coil and (c) a gas or Coolidge tube with 
transformer, and (d) the ideal curve of high peak and long duration. In (a) 
and (b) we have first one or two vigorous impulses (the number depending on 
the relation of the condenser capacity to the effective self-induction of the 
primary). These impulses are due, as I have previously pointed out,* to the 
capacity component and are followed up, particularly in the case of the Coolidge 
tube, by the lower valued, but more persistent component of self-induction. 
The first component alone is rich in active rays, the second is only responsible 
for the production of very soft rays and the heating up of the tube. 


(a) (b. (c) (d) 
Fig. 1.—Various current wave- forms. 
It may here be mentioned that in the various oscillograph records repro- 
duced in this paper, °C” indicates current curve ; “ V ” voltage curve ; and 
an arrow the direction in which the record was taken. 


Examining now curve (c) we find a wave approximating to a sine wave, 
but rather shorter in length than a pure sine curve, although much longer in 
duration than the coil impulse, and having its crest considerably flattened. 
Evidently the voltage and therefore the current rise slowly in the well-known 
way to a certain height, then “ dwell ”?” there some little time and as gently 
die away again. Clearly if my contention is true this is not the required form 
the curve should take and, therefore, it is desirable to discover what part of it 
is useful in producing X-rays. This I accomplished in the following way. 


Using a Duddell oscillograph I set up the tube at the back of the plate 
carrier (Fig. 2), the carrier being backed with lead, but having a slot about 


* Codd, Jour. Rönt. Soc., Vol. 17, April, 1921, p. 67. 
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# wide cut in it exactly opposite the target of the tube and the zero line 
of the light spot from the oscillograph strip. The strip and the tube were 
connected in series with the transformer. In order to satisfy myself 
that everything was in order and exactly synchronized as to spacing, 
I placed in front of the plate-carrier opening (oscillograph side) a small slip 
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Fig. 2. 


of screen. This screen then was acted on from one side by the tube through 
the slit in the lead sheet, giving a luminous bar, and was further traced by 
a white line from the oscillograph mirror. On viewing the combination 


— — > | 

Fig. 3 Transformer. Fig. 4. Coil. 
through a rotating mirror the whole phenomenon is very beautifully visible. 
Fig. 3 shows a plate taken in this manner, and it will be noticed that, as I 
foretold, only the flat crest 1s really producing useful rays, their activity rapidly 
falling off at the sloping portion. Fig. 4 is a plate taken with a coil under 
similar conditions. It will be seen that the transformer curve gives a rather 
wide bar of poor quality, whereas the coil gives a narrow bar of much more 
intense activity. The problem is now how to increase the activity of the 
long weak A.C. wave, or from the coil point of view how to prolong the time of 
duration of the peak value, in fact how in both cases to arrive at the 
ideal curve shown at Fig. 1 (d). 
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Since this paper only deals with transformer work, I shall confine myself 
to the first problem, except in so far as a coil may become necessary to our 
purpose. The first idea which naturally occurs to one is to modify the windings 
and shape the pole shoes of the alternator supplying the current. A Pyke 
and Harris inductor alternator gives an almost ideal curve, but unfortunately 
we are bound either by the curve given by the supply mains or by that furnished 
by the various types of motor generator commercially obtainable. 


—— —— 
Fig. 5. Fig. 6. 

Dealing first with the supply mains, Fig. 5 is the final current curve given 
through a tube from the 200 volt mains at 50 cycles or 100 rectified impulses 
per second, passing 35 M.A. at a 5” point gap. Fig. 5 enables us to get a clearer 
impression of the wave form when using a large current. We at once notice 
that the curve is unsymmetrical in form and that there is a pronounced space 
between the end of one wave and the beginning of the next. The oscillograph 
of the supply current shows a curve of almost pure sine form. Whence the 
discrepancy ? 

My first step was to cut out the tube and substitute a plain gap, when I 
arrived at the curve shown in Fig. 6. The interval between the curves is still 
present, together with various small ripples. The next procedure was to 
short-circuit the gap entirely and to bring to rest the rotating rectifying disc, 
leaving the segments in position for collecting, when we obtain the curve 
shown in Fig. 7. A slight pause between the waves is still discernible, due 
obviously to the small gaps between the “ pickups ” and segments, the voltage 
and current at this point being almost at zero values. 


C 
— > 


Fig. 7. 


This leads us to diverge for a moment into an investigation of the angle. 
subtended by the collectors and “ pickups,” in other words, how much of the 
wave is collected. Considering a machine running on 50 cycles we have the 
usual arrangement depicted in Fig. 8. It is essential that the segment should 


9 


be exactly between the necessary “ pickups ” at the peak of the sine wave, 
and since there appears no simple commercial way of ascertaining this, short 
of an oscillograph, I suggest the following plan. 

Arrange a spark gap in front of the rotating disc. Shunt this gap with a 
small condenser of the order of 0-0002 microfarad (four jars in series) and 


allow sparks to pass. View the whole in darkness, when the disc will appear 
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to stand still by stroboscopic action and the position of the segment with 
relation to the collector sectors can readily be ascertained. It may be 
necessary to draw out the gap more or less till the best results are obtained. 
Having determined the correct setting of the rectifying disc, we can plot 
out the actual angle of collection. In the machine under observation this 
proved to be 22°, or 11° of the total electrical cycle. A French machine 
gave 45° and two American machines 25° and 35° respectively. Obviously 
the greater the angle of collection the larger is the milliampérage indicated, 
but since only the peak is of use the extra current beyond a certain point 
only serves to heat the tube and generate soft and useless rays. 


Fig. 8. 


The above measurements are geometrical and it must be noticed that 
another factor comes into play. Here again I must diverge for a few minutes 
from the problem under consideration. An X-ray tube, whether gas or 
thermal, has capacity. Measurements of tubes when cold (gas or thermal) 
show this to be of the order of 2-5 micro-microfarads. When the tube is 
running this capacity is probably augumented by the electrified walls of the 
tube, many times in the case of the gas tubes, and more still in the case of the 
thermal tube with its appendage of battery or transformer exciter. 
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Therefore, we have in the tube circuit an appreciable capacity waiting 
to be charged. I therefore suppose the impulse ratio is dependent to a great 
extent on the capacity of the tube and tube circuit and it seems conceivable 
that by artificially increasing the capacity of the tube the impulse ratio and the 
quantity of useful radiation might be increased, provided the source of supply 
is sufficient to charge this artificial condenser without loss of voltage. 

As the segment approaches the collecting sector a charging spark passes 
before it reaches its geometrical position, hence the comparatively rapid 
growth in Fig. 5. The sine wave then takes its regular course, somewhat 
flattened owing to the disparity of the voltage available. As the segment 
begins to leave the sector the current should terminate and to a certain extent 
it does so, but there is a “‘ hang-over ” of arc which continues to conduct (Fig. 
9a), and thereby tends to complete a somewhat distorted sine curve. There- 
fore, on the whole, the geometrical angle of collection is considerably less than 
the working angle of collection, owing to the ability of the current to jump a 
gap both before and after the geometrical positions assigned to it. This 
disparity is greater for a soft tube than for a hard tube, owing to the greater 
current or arc bearing ability of the former. 


Fig. ga. Fig gb. 


It is usually understood that homogeneous rays give the best general 
results in treatment, but it is unlikely that homogeneous rays are ever given 
out from a tube. The rays emitted must run the gamut of the spectrum, 
beginning with very soft, soft, medium, and at length finishing with hard rays. 
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A tube cannot suddenly attain the conditions necessary to give out hard 
homogeneous rays instantly even with the curve shown in Fig. Id, and 
when the curve approximates to a sine wave the output is very much richer 
in soft rays than in hard. It may, of course, sometimes be desirable to generate 
homogeneous soft rays and this is much easier to attain with the apparatus 
as at present used. 


From the foregoing it would appear that it is desirable to vary the angle 
of collection according to the current used and the state of hardness of the 
tube. For this purpose I first thought of using triangular collector sectors, 
which could be slid in and out in a direction normal to the plane of the rotating 
disc in order to vary the angle of collection in a similar manner to that used 
with mercury interrupters. This plan, however, would not be automatic in 
action, which is much to be desired when using various secondary currents 
and tube hardnesses ; moreover, it adds one more control to be looked after. 
It therefore occurred to me that something on the plan of the curved horn 
lightning arrester might break the arc at the correct moment for all conditions 
of tube and current. This is best obtained by the use of spherical or kidney- 
shaped “‘ pickups ” of suitable diameter. These give almost ideal results for 
medium currents, and have besides other advantages which I will mention 
later. Fig. 9b illustrates their use. 


Se Fig. 10. ae Fig. 11. 


Fig. 10 shows that with the use of spherical “ pick-ups ” the steepness 
of the sides of the curve is increased even with considerable currents, in this 
case 50 M.A. When, however, very large currents are to be dealt with, such 
as in single-flash conditions or with the specially powerful apparatus I have 
recently devised, or with an apparatus for generating very high voltage for 
therapeutic work, the are at the gaps between the segments and collector 
balls still persists for too long a time and it is advisable to augment the rapidity 
of break by other means. The readiest means to hand seems to be a blower 
and for this purpose I utilize the rotating disc itself, attaching to its sides smal] 
strips of insulating material so placed as to give the maximum draught where 
it is required to break the arc. These blowers, in conjunction with the ball 
“ pick-ups,” prove entirely satisfactory, and still further aid in improving our 
curve of current (Fig. 11). The use of these blowers must be judicious or too 
much draught may be set up, besides which they consume a considcrable 


amount of power if too large. 
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Having improved the shape of the secondary wave form, we may now 
consider the primary wave form, together with the question of the production 
of a greater number of impulses of the desired wave form per second. Unfor- 
tunately when the current for the transformer is derived from the mains, the 
frequency is limited by the frequency of the supply circuit. In most cases 
this is 50, and therefore only 100 impulses per second can be obtained. When 
however, a rotary converter is used on continuous current mains the number 
of alternations is under our control, and I have had eight-pole machines made 
giving 200 impulses per second. There is no reason why this should not 
further be advantageously increased, but we must not lose sight of another 
factor, vtz., the rectifying disc. 


Fig. 12.—For ease proceed by black segments for positive 
impulse and by white segments for negative. 


Fig. 8 shows a disc arranged for the rectification of current supplied at 
50 periods or 100 impulses per second, with insulation sufficient to deal with a 
10” alternative gap. If now we double our frequency, keeping the same spark 
gap, it will be necessary to double the number of collectors, for whereas in 
Fig. 8, we needed only to provide for four half waves or impulses we must 
now collect eight and yet keep the same margin of insulation. 


The periodicity of 50 when using a maximum gap of 10” will, following 
existing practice, require a disc at least 18” in diameter, running at a peripheral 
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speed of over 80 miles an hour. An eight-pole machine will similarly require 
one of twice that size running at over 160 miles an hour. While this size and 
speed may be quite safe, the power required to drive such a disc assumes a 
considerable proportion of the whole power used in the X-ray tube. It is 
fortunately possible to reduce the size of the disc when using ball pick-ups 
owing to their inherent property of reducing the gap over which they will 
spark. The limiting factor then becomes, not the distance between the 
collectors, but the distance between the segments on the disc itself, which 
distance is governed by the brush discharge over the surface. Hence the disc 
with the ball collectors may be made of relatively smaller size. 


In order to reproduce more nearly coil conditions with the potentiality 
to give very high voltages and for the purposes of treatment, I have designed 
transformers to give a spark 20” long, or double the voltages we have hitherto 
considered. This would require the rectifying disc to be doubled in diameter, 
a plan which is for various reasons commercially impossible. Fig. 12 shows 
Mr. Gunstone’s ingenious arrangement with two discs in series, and four transfer 
connections. If the connections are followed out it will be found there are 
always two insulating spaces between any two points of maximum potential. 


For a reason which I will presently explain, I propose, however, to use 
two transformers in series with the middle point earthed (they are in effect 
open-core transformers similar to my Duplex coils). I therefore suggest the 
arrangement shown in Fig. 13, where each disc remains of the same polarity 
relative to its own transformer. This disposition requires the use of only 
four collecting gaps in place of the eight necessary in the preceding arrange- 
ment. This is an advantage, as each gap of 3% entails roughly a drop of 
from 500 to 4,500 volts, depending on the current passing. 


Up to the present the transformer rectifier set has remained a somewhat 
archaic device. The motor or converter is surrounded by a sort of wooden 
scaffold, the rotating disc or cross-arms is fitted with “ pick-ups ” giving any 
angle of collection the manufacturer fancies, and the whole bristling with 
connecting wires is enclosed in a “ Cabinet ” to hide the abomination and 
smother the noise. I propose fitting ball-races to the motor or generator, 
both thrust and radial, not only to make the machine run sweetly, but to 
enable the collector gaps to be shortened. Further, with single-disc machines 
‘I propose a vertical arrangement with the shaft upright, thereby saving floor 
space, and in all machines the collectors should be mounted on a paxolin or 
micanite sheet bolted to arms from the machine frame or bearers. It may 
eventually be necessary in the case of extremely high pressures to make use 
of an oil-immersed rectifying commutator, which would lend itself more 
readily to machines designed with a vertical spindle. 


Finally, particularly in the case of extra high-tension machines, I should 
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like to see them so finished that they can stand openly on the floor like any 
other piece of decent electrical machinery, instead of being enclosed in a box 
to hide poor design and finish. Indeed, I think with the voltages we are now 
beginning to use such a plan will be absolutely necessary to avoid excessive 
losses by brushing. If the hum of the machine and the swish of the discs are 
disconcerting to the patient the whole of the machine should be set upina 
separate room with remote controls. 


DS P J 


Fig. 14. Fig. 15. 


Having now cleared the ground of the electro-mechanical side of the 
question, let us return to the examination of the wave form of the primary 
voltage and current. 

Fig. 14 represents the primary voltage and current curves in the trans- 
former with the main-gap short-circuited ; but having the four collector-gaps 
in circuit. The primary current is 20 ampères, the voltage over transformer 
10 volts. The harmonics set up in the voltage wave will be noticed. It is 
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Fig 16. Fig. 17. 


difficult to account for these except by surmising some capacity of the secondary 
windings, as these ripples are not materially reduced, even if the secondary 
is dead short-circuited. They continue to appear in a smaller form with any 
gap or if a tube is used as load. It will be noticed that the load is practically 
wattless, the current and voltage being nearly 90° out of phase. 


Fig. 15 represents primary current and voltage curves, the secondary 

load being a current of 50 M.A.R.M.S. through a 6” gap. The voltage and 

. current curves are now very nearly in step, but the ripples in the voltage curve 

are still very marked. Note the pause which is beginning to appear between 
the current waves at zero and compare with Fig. 6. 
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The next step was to take curves under similar conditions, but with the 
rectifying disc rotating (Fig. 16). The interval between the current waves 
is now more marked still, and voltage ripples are still present, but the out- 
standing feature is the crater-like depression in the tip of the voltage curve. 
This is due to the fact that a resistance was in circuit with the transformer and 
as the current rises the effective voltage falls. l 

Fig. 17 represents the primary curves, using a Coolidge tube as load. 
The same dwell is apparent and there is again the crater-like depression, but 
again inverted in the middle. 

On looking through these curves it becomes apparent that the current 
and voltage are not always in step and it occurred to me that the voltage and 
current in the tube might likewise be out of phase, and thereby account for 
some of the peculiar results freqently met with. Fig. 18 gives curves of a 
Coolidge tube passing 20 M.A., with a 3” alternate gap. Current and voltage 
are nearly in phase, but not quite, and it is conceivable that circumstances 
might arise to throw them more out of step still, but for practical purposes 
I think we may take it that the phase difference is slight. 


Fig. 18. D Fig. 19. 


Some difference of opinion has existed as to whether the use of an auto- 
transformer unduly depressed the crest of the voltage and current curves of 
the primary and it seemed worth while to examine this. Fig. 19 shows the 
voltage and current waves supplied by an auto-transformer with no resistance 
in circuit. The current is 18 ampéres at 110 volts. Coolidge tube load 25 
M.A. at 6” gap. With resistance in circuit on either side of the auto-transformer 
we obtain the deep crater or pocket in the voltage wave, as in Fig. 16. As 
the resistance is reduced, one can observe the pocket gradually turning inside 
out, but it never reaches the stage of a pure curve ; there are always indications 
of a depression. The current wave, however, does not appear to suffer undue 
flattening, on the other hand it is certainly not more peaked. 

We may conclude from this that the auto-transformer, while certainly 
more economical and convenient for manipulation, does not entirely justify 
the claims made for it. In other words, the voltage of the transformer does 
drop as the current is increased, possibly because the auto-transformer is not 
a true transformer and some little magnetic leakage takes place. It is, how- 
ever, handier and more economical in use, if not in first cost, than a resistance 
and wave distortion is not manifest to any great extent. 
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Up to the present the wave forms considered have been generated by a 
standard closed magnetic-circuit transformer. In the search for a more 
peaky curve some experiments with coils or open-circuit transformers were 
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Fig. 20. Fig. 21. 


begun. 


The first experiment was with a single open-core transformer. The 
curves taken of secondary currents through a tube whether with sectors (Fig. 
20) or balls and blowers (Fig. 21) both show an improvement in wave form. 
Moreover careful comparisons with pastilles indicated a decided improvement 
ın favour of the open-core transformer, in the ratio of roughly 5 minutes 
for the coil transformer as against 6 minutes for the closed-core transformer. 


Att 


Fig. 22. Fig. 23. 


The next experiment was to use two smaller open-core transformers in 
series, when better results still were obtained, as in the following oscillographs. 
Fig. 22 shows the wave form for current and voltage with the secondary on 
open circuit. The curve, it will be noticed, is practically wattless. Fig. 23 
represents the oscillograph with 16 ampéres at 60 volts in the primary, the 
secondary load being a 6” gap not rectified. Fig. 24 is a graph using 16 ampères 
110 volts with a 5” gap rectified in the secondary. It is interesting to compare 
Fig. 23 with No. 15 and Fig. 24 with No. 16; so far no very great difference 
is noticeable. Fig. 25 shows the current and voltage curve, the coil being 
connected directly to the mains without resistance as heretofore, the load 
being a Coolidge tube with sector pick-ups. It is difficult to account for the 
peculiar form of the current curve unless it is due to the influence of the collector 
form. Several open-core coils examined all showed the same ragged wave. 

The next step was to examine the secondary current wave form, using 
first a sector collector. Fig. 26 shows the result with a tube as load. Com- 
pared with Fig. 3 a wonderful improvement in the abruptness of the current 
rise and fall will be noticed in the open-core transformer compared with the 
closed, a result due apparently to some absence of damping or hysteresis in 
the former. The addition of ball “ pick-ups ” (Fig. 27) and balls and blower 
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(Fig. 28) still further improves the wave form, leaving little more to be desired 
except an addition in frequency and for radiography an addition in height. 
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Fig. 24. Fig. 25. 


I should like now to revert to the experiment on the comparison of coil 
and transformer by pastille, using unfiltered rays. The following are the 


results :— 


1 2 3 4 5 6 
nn Time to turn pastilles. 


M.A. | Gap. | Volts. | Type of transformer. 


| With 
Ordinary: Condenser. 
25 | 9” | 45,000 | Coi .. .. | 5min.’ 475min. 
80,000 | Closed-core transformer 6 Ä 5-75 
5 5” 36,000 | Coil ni sa “a 9= ! At 
42,000 | Closed-core transformer 6 | 5t 


* See Fig. 4. ft See Fig. 30. ł Sce Fig. 31. 


From this table we learn several things, firstly, the futility of speaking 
of the pressure over the tube as measured in volts, unless we know the wave 
form. The voltmeter (Fig. 29) used by me was a large Kelvin instrument 
and yet such diverse readings are obtained as those given in the third column, 
As reference to the voltmeter is not made here as a measuring instrument 
(I hope in a later paper to have some suggestions to make on measurements) 
I will confine myself to pointing out that the only safe indication of pressure 
over the tube is pressure indicated in inches by an alternative gap, preferably 


between points. 


It was while waiting for the pastille to turn that it occurred to me it 
would be interesting to measure the voltage over the tube under different 
conditions, and I then discovered that with the voltmeter connected I obtained 
faster readings than without. 
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I repeated these experiments several times, rather doubting my results, 
but there was no question that with the voltmeter attached, the pastille would 
turn more quickly. This was the case with both coil and transformer, but with 
the higher voltages the result was not quite so marked as with the lower 
voltages. As I have previously suggested, the results must be due to the 


Fig. 28. 


added capacity of the voltmeter improving the impulse ratio, although the 
capacity of the instrument itself is only something like 46 micro-microfarads, 
and that of the battery Coolidge control stand 30 micro-microfarads. 


Fig. 29. Fig. 30. 


Fig. 4 gives the wave form of the coil current through the tube before 
and Fig. 30 after the condenser was added. Fig. 31 gives the transformer 
current wave also with condenser connected. It is obvious from these curves 
that the condenser, besides inherently influencing the impulse-ratio, acts as a 


= Pe EN, OO „zu EN C 
Fig. 3i; 
condenser in the common form of the word, storing up the small peaks, inverse 
and inequalities, and giving them out in the correct direction and at the 
correct time through the tube. 
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Having discovered this property of the condenser, my next step was to 
shunt the tube with a much larger capacity (some 200 micro-microfarads). 
This proved disappointing, the current through the tube mounting from 4 to 5 
milliampères, but the hardness of the tube proportionately falling. Undoubtedly 


Fig. 32. 


for a soft tube a capacity of this order might be advantageous, but for moderate 
and hard tubes the energy at our disposal is not sufficient to charge the con- 
denser and yet maintain the necessary voltage-peaks. 


We should, therefore, be careful to keep the capacity of our external 
tube circuit low, that is, overhead leads, Coolidge controls, etc., should be 


Fig. 33. 
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Fig. 34, Fig. 35. <- — 


as small as possible. Incidentally ball gaps may have considerable capacity 
and may prove misleading as indicators of spark length if the apparatus whose 
voltage they are used to measure is not a comparatively powerful one. In 
other words, the spheres when approached to measure spark length act as 
condensers, absorbing some of the available current to charge them. For the 
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same reason the balls I have suggested as “ pick-ups ” should be as small as 
possible, keeping in view efficient collection ; because of this they may advan- 
tageously be made kidney-shaped. These reasons do not apply to the collectors 
connected to the coil or transformer side as there are one or more gaps in series 
in each pole between the secondary and the tube circuit. Fig. 32 shows 
diagrammatically the circuit, the condenser shunted across the tube being a 
variable one to meet different conditions of hardness. Under certain condi- 
tions additional spark gaps (shown dotted) may be provided at each side of 
the tube, the gaps themselves being constituted as condensers and having 
additional capacity provided when necessary. 

In conclusion, I give oscillographs of results obtained with an 8-pole 
machine giving 200 impulses per second, Fig. 33 being the curves of primary 
current and voltage. Notice the fall in the voltage curve when the current 
curve crosses it. Fig. 34 represents the secondary curve of current through 
a tube passing 35 M.A. at a 5” gap, the machine being fitted with an ordinary ~ 
transformer and wide collector segments. Fig. 35 shows the secondary 
current curve of the same machine, fitted with ball collectors and blowers, 
using Duplex open-core transformers under the same conditions of load. 
In comparing Fig. 35 with Fig. 34, I think a distinct advance is perceptible, 
although the ideal curve has not yet perhaps been reached. I feel sure further 
experiment on these lines will enable the interrupterless machine to borrow 
some of the advantages of the coil without sacrificing its outstanding advan- 
tage as a reliable mass-producer of X-rays. 


DISCUSSION 


Major K. EDGCUMBE said that it was something quite new to him to see the curve of 
X-ray intensity projected on the same diagram as the curves of current and voltage. He 
wondered whether Mr. Codd had tried methods of getting a rapid break other than ies to 
which he had alluded. It was found in the case of lightning receivers that if the terminals 
were made very massive a much more rapid break was obtained owing to the cooling of the 
spark. He did not know whether the possibility of cooling the electrodes in the present 
work was feasible. Another plan, was the dodge of having a magnetic field across the gap. 
Mr. Codd had alluded to oi]; had he used oil-immersed gaps, contrived so that the circuit 
was broken at zero current? This was done in the case of oil switches, as could be tested by 
the oscillograph. As to the distortion of waves by the auto-transformer this was largely a 
question of core saturation, and if the auto-transformer was made with a fairly large core 
the wave would be less distorted than with a saturated core; the reason being that in the 
latter case the flux would not exactly follow the current. Another point he would like to raise 
was with regard to Mr. Codd’s table giving the results of the comparison of coil and trans- 
former by pastille. If one compared the ratio of spark-g ap with the RM. S. value of the 
voltage it should give an indication of the wave-form, but in the table there were large 
differences, and he wondered why the wave-form aid be so different in the two cases— 
that is, with the g-in. point-gap and the 5-in. point-gap. To revert finally to a question he 
had already touched on, it occurred to him that there was another method of getting the 
rapid break—namely, that which employed the shunting of the condenser—but he did not 
know whether this would answer Mr. Codd’s purpose. 


Mr. CODD said, in reply that with regard to saturation, he did not think that any of 
these curves were shown on a fully saturated core. With reared to the condenser, 1t was 
when the condenser was used across the tube that he got the increased rate for the turning 
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of the pastille. He had tried condensers across the gap; in fact, his idea of putting balls 
there was not so much that of the lightning arrester, but that by putting capacity there he 
might make the sine curve a more “ peaky ” one like the coil. He had first thought that with 
a given capacity there it might be possible to convert the sine curve into a higher and more 
peaky shape of curve. He soon realized, however, that the condenser limited the height of 
the voltage. With regard to increasing the mass of the balls, he did not think that with the 
feeble current which was used—not more than 100 ma.—there would be any real gain. He 
had tried permanent magnets to blow out the arc, but unfortunately their presence interfered 


with the path of the spark. 
Mr. W. E. SCHALL thought there was one point in which the paper might be improved 


when it appeared in the “ Journal ”—namely, by having all the curves leading in the same 
direction. In the case of the curves given in the latter part of the paper the different direc- 
tions were a little bewildering. He was glad that Mr. Codd had drawn attention to the 
superiority of the gas tube over the thermal tube. A more heterogeneous beam of rays was 
obtained with the thermal tube than with the gas tube. Mr. Codd had mentioned a kind 
ot lag of X-rays as compared with the current going through the tube. He wondered whether 
the lag was due, not to lack of X-rays produced, but to a kind of inertia of the screen—that 
is to say, the screen did not respond immediately to the X-rays. The question of various 
kinds of “ pick-up ” spheres, or kidney-shaped collectors, had already been subjected to a 
certain amount ot research by Prof. Dessauer, who had finished up with pin-point collectors 
and was unable to prevent a gocd deal of low-voltage current coming through at the end 
of the wave. Mr. Codd had ventured on a criticism of the enclosure of high-tension machines 
in a box or cabinet, but did he not think that this served the purpose also of keeping the dust 
from the high-tension machinery ? An immense amount of dust tended to accumulate if 
the machine was left without some such protection. 


Mr. CODD said that he was glad to hear that Mr. Schall agreed with him about the efficacy 
of the gas tube. If they were only stable like the Coolidge, gas tubes would be perfection. 
With regard to the enclosing of the machines, he did not think that the provision of the cabinet 
overcame the dust difficulty. Things were worse than if there were no cabinet at all, because 
the dust was concealed and forgotten. If it was on the unenclosed machinery it would be 
seen and removed. He quite agreed that in the reproduction of the curves there should be 
inserted an arrow to show direction. He would like to read about Prof. Dessauer’s work ; 
he did not know that such work had been done. 


Mr. C. E. S. PHILLIPS said there were many ways of accomplishing a change of the 
wave form in closed-circuit transformers, and on a previous occasion he had called the Society’s 
attention to work done some years ago on certain experimental transformers. The idea was 
to introduce into the primary circuit capacities and resistances by means of slip-rings on a 
spindle, and to modify the wave as it came from the generator in such a way as to give any 
conceivable shape to the wave-form of the secondary. As to Mr. Codd’s interesting result 
in which the emission of X-rays was shown along with the current curve, if the slit through 
which the X-rays came could be narrowed perhaps they would be able to find out the exact 
point on the curve at which the X-rays began to be generated. Prof. Salomonson had once 
discussed the matter at the Society. 


Mr. CODD said that he remembered reading about the work on experimental trans- 
formers to which Mr. Phillips had alluded; but he had not studied the subject sufficiently 
to make any experiments along this line. It seemed to him that it would be rather a compli- 
cated business. The great advantage of transformer rectifiers was that they were fool-proot 
and he was afraid that the addition of commutators in the form of anything movable—slip- 
rings or anything of that kind—would tend to take away this great advantage. With regard 
to the X-ray slit in his work, he had not narrowed it bey ond ths inch, but he would see 
if it was possible to go further. 


Major G. W. C. KAYE referred to the neatness of Mr. Codd’s method for registering the 
current curve and the X-ray output simultaneously. It seemed to him that in many of the 
pictures the X-ray band was by no means in register with the peak of the current curve and it 
would be instructive to have the secondary voltage curves superimposed on these pictures. He 
thought that the anomalies in Mr. Codd’s table were largely due to the fact that the spark 
gap was measuring the peak-voltage, while the Kelvin instrument was measuring the ront- 
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mean-square value, and as the various curves were mostly very distorted and different in 
shape it was not wonderful if no parallelism was found between the two readings. He referred 
to an interesting paper by Monttord Morrison, published some months previously in America ; 
this worker had also been experimenting with kidney-shaped collectors and had come to 
much the same kind of conclusions as Mr. Codd. 


Mr. CODD said his difficulty was that it already took five KW. fully to deflect the volt- 
meter strip of the oscillograph, in addition to which he had to provide current for the X-ray tube. 
He was using some 12 KW. altogether and his fuses were not really capable of more. A 
much better instrument was wanted to record the voltage curves. 


Dr. E. A. OWEN said that an instrument which would register voltage curves had been 
uscd by Prof. Taylor Jones for a long time. Prof. Taylor Jones’s results were based on 
the voltage curves which he obtained with this oscillograph. He had also photographed the 
X-ray pulses and the voltage curves simultaneously on the same plate, and if the speaker 
remembered rightly, Prof. Jones had found that the X-rays came out just at the highest 
peaks of the voltage curves. 


Mr. CODD said that he had seen Prof. Taylor Jones’s oscillograph, but, unfortunately, 
he did not as yet know of anyone making it. It was purely an experimental instrument 
such as one could not make for oneself without a considerable amount of research. 


THE PRESIDENT expressed the thanks of the Society to Mr. Codd for a very interesting 
paper. 

POLARIZATION PHENOMENA IN AN X-RAY BuLB.—Ina letter to Nature (June, 23rd 1921), 
Mr. S. Ratner, of the University of Manchester, remarks that hitherto the potential difference 
required to produce a discharge through a well-exhausted vacuum tube has been considered 
to vary only with the pressure of the gas. In the course, however, of some experiments with 
an X-ray bulb (where the pressure could be regulated by a Gaede pump and measured by a 
McLeod gauge) a continuous discharge was maintained for about eight hours on several con- 
secutive days, and he has observed a gradual hardening in spite of the maintenance of a com- 
paratively high pressure. Further experiments carried out in this direction have revealed a 
remarkable effect which takes place in an X-ray bulb or, more generally, in any vacuum tube 
after a sufficiently long and continuous run—an effect similar to the polarization of an electroly- 
tic cell. This is, that after the discharge has been kept running for a sufficiently long time 
through a tube (inside which the pressure is kept nearly constant) a time arrives when the 
current flowing through the tube begins to decrease, and finally ceases altogether. To con- 
tinue the discharge it is then necessary to increase cither the potential difference applied to the 
electrodes or the pressure inside the tube. By repeating this operation several times he could 
ultimately reach a stage where a potential difference of more than 50,000 volts was not sufficient 
to produce a discharge in the bulb, although the pressure was as high as 0.060 mm., whereas 
under ordinary conditions in the same bulb a much smaller potential difference was sufhicient 
to produce a discharge under a pressure of the order of 0.001 mm. After the discharge has 
been stopped the bulb gradually returns to its normal condition, but afterwards a compara- 
tively short run is sufficient to bring the bulb back to the state of polarization. 

It could be further shown that the effect is not due to changes ın the nature of the gas in 
the bulb brought about by the discharge. A large side-tube containing two electrodes, the 
shape and distance apart of which were essentially the same as in the X-ray bulb, was fused 
into it. When after a long run the main bulb became polarized, so that the highest available 
voltage could not break down its resistance in spite of a high pressure of about 1/20 mm., a 
potential difference of 1200 volts, supplied by a battery of small cells, when put across the 
side-tube was found to produce a normal discharge. 

Experiments, which will be described elsewhere, give some evidence in support of the 
view that this effect is due to the destruction by the discharge of the gaseous layer on the 
surface of the electrodes. 

It seems probable that the hardening of an X-ray bulb with usage is due not only to the 
disappearance of the gas in the bulb, but also to the phenomenon described in this letter. 

Mr. Ratner gives a fuller account of his work in the Philosophical Magazine 
of January, 1922. 
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REVIEWS. 


“ Rayons X et Structure Cristallinc,’ by W. H. Bragg and W. L. Bragg 
Translated from the English (Third Edition) by Mg. J. Riviere, 209 
pages, 4 plates and 75 figures (Gauthier-Villars, Paris). Price— 
12 fr.+100 per cent. 

This volume, the first English edition of which appeared in 1915, 1s now 
well known to scientists. Not only does it appeal to the physicist and the 
crystallographer, but it touches almost every branch of science and has opened 
out new avenues of research in many directions. It is, therefore, not surprising 
that the book has been given a premier place amongst recent scientific publica- 
tions, a further proof of this being the publication of the French edition now 
under review. The book is remarkable for its clearness of exposition. A 
difficult subject is treated in a manner which will readily appeal to the reader— 
a characteristic of other publications by the authors. We may add that 
the translation is faithful to the original. 

Since the production of the book an enormous amount of research has 
been carried out along different channels which were laid open by the discovery 
of the diffraction of X-rays by crystals. This literature has by now assumed 
large proportions and in consequence the volume needs extensive revision and 
amplification. No doubt a new edition is contemplated. The translation is 
free from misprints and the type, as in most other French scientific 
publications, is very readable. l E.A.O. 


* * * * 


“ Röntgen Interpretation.’—A Manual for Students and Practitioners, by 
G. W. Holmes and H. E. Ruggles. 2nd Edition, 1921, 228 pages, 
184 engravings. (London: Henry Kimpton). Price 18/- net. 

This volume gives in concise form the essential points to which attention 
should be paid when interpreting radiographs of different parts of the body. 
Much stress is laid on the study of pathology in connection with radiology. 
“In attempting to study gross changes by means of shadows a knowledge of 
pathology is as essential to the röntgenologist as anatomy to the surgeon.” 
This is continually kept in view throughout the volume and constant reference 
is made to pathology and its bearing on the point at issue. 

The work contains remarkably clear and numerous radiographs of the 
thicker as well as the thinner parts of the body—radiographs of the skull, 
chest, spine and pelvis are exceedingly well defined and show much detail. 

The authors have undoubtedly achieved their aim of supplying a concise 
compendium of the cases that are to be met with in radiological practice. 
They have supplied copious references to recent literature. We can heartily 
commend the book. E.A.O. 
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Physique Elémentaire et Théories Modernes by J. Villey. (Gauthiers-Villars, 
Paris, 1921). Part I., pp. x+197. Price 15 fr. net. 

This volume is the first part of a treatise on elementary physics written, 
not for the ordinary student, but rather for the educated reader who wishes 
to obtain some acquaintance with the fundamental ideas which form the 
basis of modern physics. The material, which is essentially elementary in 
character, is thus presented in a more readable form than in the more usual 
text book. 

The subject matter may be briefly indicated : commencing with a dis- 
cussion of the elements of mechanics, velocity, acceleration, force, mass, etc., 
the equilibrium of solids and the conservation of energy, the author passes 
to the consideration of the conditions of equilibrium and the properties of 
liquids and gases, the theory of heat, thermal expansion, change of state- 
elasticity and acoustics, with a concluding chapter on molecules and atoms. 
It is stated that the second volume will deal with the phenomena in which 
matter can act and produce effects external to itself, without the interposition 
of a material medium, that is to say, clectric and magnetic phenomena and 
optics. 

M. Villey is a lecturer in the Faculty of Science at Caen. He has had 
experience in expounding the main principles of physical theory to students 
of varied education and has presented his material in a form likely to attract 
the attention of the general reader who wishes to revive his recollections of 
an early training in the elements of physics and to get some glimpse of modern 
ideas. The book, which was completed before the war and has since been 
revised, is clear and interesting and will no doubt find its public. F.J.S. 

* * * * 
La Physique Théorique Nouvelle. By Julien Pacotte. With a preface by 
by M. Emile Borel (Gauthiers-Villars, Paris, 1921), pp. wi.+182. 
Price 12 fr. net. | 

The present century has witnessed a complete transformation of our 
fundamental ideas of the physical universe. The geometrical conception of 
a homogeneous, infinite space has given place to the physical conception of 
a finite, though unbounded, measurable space, the metric properties of which 
are not independent of the phenomena and the observer. The notion of 
material continuity, long since abandoned by the chemist, no longer appears 
to the physicist to afford a tenable basis for physical theories, and the equations 
of the continuous medium must be replaced by statistical relations applicable 
to swarms of quanta of energy, or, possibly, of action. The infinitely great, 
and the infinitely small, have no physical reality. 

Dr. Pacotte’s volume is, as he himself states, an historical, critical, and 
methodological essay on the new science. It will probably appeai rather to 
the type of mind most easily, though no doubt inaccurately, described as 
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metaphysical, rather than physical. It is scarcely likely to be found attractive 
by the average experimental physicist. But it is concerned with ideas, not 
with mathematical relations, and the persevering reader will find in it many 
interesting and valuable suggestions. Its value lies, however, in the critical 
examination of present knowledge and the new methods of thought based 
thereon, not in any attempt to establish new physical theories. F.J.S. 

* * * * 


La Lot de Newton est la Lot Unique. By Max Franck (Gauthiers-Villars, 
Paris, 1921), pp. 158. Price 12 fr.50 net. 

We do not propose to attempt a serious review of this work. The writer 

indicates that he is not a physicist, though he announces (p. 14) his discovery 

of a single law—which he calls the law of potential, from which may be derived 

an explanation of all the phenomena of the universe. It is to be feared that 

physicists will not find his law very satisfying or his deductions therefrom 
entirely convincing. F.J.S. 


PROCEEDINGS OF THE RÖNTGEN SOCIETY. 


A GENERAL MEETING of the Society was held on Tuesday, Nov. I, 1921, at the 
Institution of Electrical Engineers, Victoria Embankment, W.C.2. The retiring President, 
Dr. Robert Knox, took the Chair. The Minutes of the last meeting were taken as read. 
The election of new members (p. 48) followed. 

The next business was the presentation of the plaques awarded by Dr. Knox for the best 
collections of four prints submitted at the Fxhibition of Radiographs in June. 

Dr. Knox remarked that in connection with the exhibition at the House of the Royal 
Photographic Society they had a competition confined to radiographers attached to hospitals 
or working for private doctors. There was an encouraging number of entries, and the quality 
of the work shown, which was extremely high, was very satisfactory from the point ot view 
of the reproduction of X-ray plates. The awards were made as follows: Silver plaque to 
Mr. H. J. Suggars; Bronze plaque, to Mr. A. O. Forder; Highly commended, Mr. W. E. 
Smith. Mr. Suggars was radiographer at the London Hospital, Mr. Forder was radiographer 
at King’s College Hospital, and Mr. Smith was radiographer at the Ministry ot Pensions Hospi- 
tal, Birmingham. With each plaque a book was presented, and a third prize was given to 
the competitor who was highly commended. Dr. Knox added that, to encourage competitors 
at future exhibitions he would be glad to continue the awards so long as there were sufficient 
entries. (Applause). 

Dr. Knox announced that the Committee appointed to consider the award of the Mackenzie 
Davidson Medal had decided that during the last session there was no paper which adequately 
met the requirements of the award. No award was, therefore, made. 

Major G. W. C. Kaye moved a vote of thanks to the retiring President, Dr. Knox, who, 
he said, had been both father and mother to the Society. One astonishing fact that came 
out in the Council was that Dr. Knox had been a member of the Rontgen Society for some- 
thing like seventeen years, and during that long period had only missed two mectings. That 
was a fine achievement. (Applause). 

Dr. N. S. Finzi seconded, saying that he had known Dr. Knox for many years and he 
was sure that all the medical members of the Society appreciated very highly the work which 
Dr. Knox had done for radiography in general. (Applause). 

In replying to the vote, which was accorded with hearty applause— | 

Dr. Knox said that it was a great pleasure to work for the Society, and he sincerely hoped 
he would be able to continue to do useful work for a great many years to come. It was not 
for him, however, to make a speech, and he had simply to introduce Prof. Nicholson, who 
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was very well known to members of the Society and had kindly taken on the duties of President. 
He was sure that Prof. Nicholson would fill the office with pleasure and great satisfaction 
to all. 

Prof. Nicholson, who was received with hearty applause, then delivered his address from 
the Chair (p. 5). 

* * * * 

A Generar Mertine was held on Tuesday, Dec. 6, 1921, at the Institution of Electrical 
Engineers, the President (Prof. J. W. Nicholson, M.A., D.Sc., F.R.S.) being in the Chair. 
The candidates for membership were elected (below). 

The following papers were read :— 

“Investigations of Transformer Rectifier Sets,” by M. A. Codd (p. 27). 
“X-ray Tubes Connected in Parallel,” by C. E. S. Phillips, O.B.E., F.R.S.E. 


* * * * 


A Generar. Meeting was held on Tuesday, Jan. 10, 1922, at the Institution of Electrical 
Engineers, the President (Prof. J. W. Nicholson, M.A., D.Sc., F.R.S.), being in the Chair. 
Atter the election of new members (below) the following paper was read :— 

“The Structure and Dimensions of Molecules,” by Prof. A. O. Rankine, O.B.E., D.Sc. 


NEW MEMBERS, 


No“. I, 1921. 
John Bowman Hunter, M.Ch. (Cantab.), F.R.C.S. (Eng.), 103, Harley Street, London, W.1. 
Proposed by E. A. Owen, seconded by G. W. C. Kaye. 
William Dunlop Anderson, O.B.E., M.B. (Cantab.), M.R.C.S., Chestnut Hill, Keswick. 
Proposed by A. I. Anderson, seconded by F. J. Harlow. 


Dec. 6, 1921. 
John Robert Wylie, M.B., B.S. (Durham), D.M.R.E. (Cantab.), 38, Abbey Lane, Wood- 
seats, Shetheld. 
Proposed by Robert Knox, seconded by Sidney Russ. 
Robert Craig Rodgers, M.R.C.S. (England), L.R.C.P. (London), D.M.R. & E. (Liverpool), 
“ Stoneacre House,” Burnley, Lancashire. 
Proposed by A. E. Barclay, seconded by Robert Knox. 
G. E. Richards, M.B., General Hospital, Toronto, Canada. 
Proposed by A. E. Barclay, seconded by G. W. C. Kaye. 
H. M. Tovell, M.D., 106, Bloor Street, Toronto, Canada. 
Proposed by A. E. Barclay, seconded by G. W. C. Kaye. 
Rhoderic Finch, Nen Street, Oamaru, New Zealand. 
Proposed by Jas. Whitton, seconded by R. W. A. Salmond. 
C. Hugh Holbeach, 77, Upper Thames Street, London, E.C.4. 
Proposed by F. Harrison Glew, seconded by A. C. Gunstone. 
Dr. Isaac Gerber, 201, Waterman Street, Providence, Rhode Island, U.S.A. 
Proposed by Geoffrey Pearce, seconded by Robert Knox. 
Charles Henry Marshall, Adelaide Hospital, Adelaide, South Australia. 
Proposed by H. Carew Nott, seconded by G. L. A. Coates. 
Morris Owen, M.Sc., College of Science, Nagpur, C.P., India. 
Proposed by E. A. Owen, seconded by G. W. C. Kaye. 
Arthur Reginald Challoner, “ Warfield,” Grotto Road, Twickenham. 
Proposed by G. W. C. Kaye, seconded by E. A. Owen. 
Ralph Rixon Strand, 12, Raleigh Road, Richmond, Surrey. 
Proposed by G. W. C. Kaye, seconded by E. A. Owen. 
Hector Alfred Colwell, M.B., L.R.C.P., M.R.C.S., D.P.H., King’s College Hospital, Den- 
mark Hill, London, S.E.;5. 
Proposed by Robert Knox, seconded by Sidney Russ. 


Jan. 10, 1922. 
Seymour Cochrane Shanks, M.B., Ch.B., 80, Grosvenor Street, London, W.1. 
Proposed by Russell J. Reynolds, seconded by E. A. Owen. 
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NEW PATENTS. 


Abridgments of recent Patent Specifications bearing upon the subject of X-rays and Allied 
Phenomena.—Compiled for publication by H. T. P. Gre, Patent Agent, Associate, I.E.E.; 25, 
Victoria Street, Westminster, London, §.W.1., and at 70, George Street, Croydon. À 


169,150. Röntgen-ray apparatus. Pieper, O. H. and PIEPER, A. F., 404, West Avenue, 
Rochester, New York, U.S.A. Aug. 19, 1921. Convention date, Sept. 15th, 1920. Not yet 
accepted. Abridged as open to inspection under Sect. 91 of the Act. A self-contained cabinet 
apparatus, more especially for X-ray work, comprises a cabinet cable 83 is supported by 
insulated struts 84, passes through an insulated guide 85, and is reeled off and on a spring 
drum inside the cabinet. The low-sension cable 8 is also suspended along the tube 
supporting arms and carries also the leads for heating the cathode filament of the tube. 
The standard 30 slides through rollers 32 in a U-bracket 28, Fig. 3. This bracket is 
supported by braced struts 25 secured to the base of the cabinet, and mounted at the 
upper end on a plate 23 fixed to the wall of the cabinet and supported by other bracebars 
24. The lower end of the standard 30 carries rollers 35 engaging a guide-bar 34, and a 
cord 37 which passes over a pulley 38 and supports the counterbalancing weight 40 sliding 
on a guide-bar 42. The standard is clamped in position by a screw-head 45, Fig. 1. The 
arm 20, Fig. 1, with a hinged door 22 and containing the electrical apparatus and a tele- 
scoping counterbalanced standard 30 supporting the light source, such as an X-ray tube 74, 


by a series of adjustable arms 46, 50, 60, a forked bracket 69, and a yoke 71 for the tube holder 
73, Figs. 1 and 11, whereby the tube can be adjusted and held in any position. The support- 
ing bracket 73 can be positioned in the yoke 71 for stereoscopic purposes. The high-tension 
46 is rotatably mounted on the standard 30, and is fitted with rollers 53, Fig. 7, for the sliding 
section 50 which is prevented from sliding right out by stops. The forked end 58 of the section 
50 is graduated for positioning the pivoted section 60. The forked end 61, Fig. 11, of the 
section 60 carries a pivoted lug 63 which can be angularly fixed by a pin 66 and which carries 
the head 67 of the forked bracket 69 in a graduated socket 64, the angular position of the 
bracket being indicated by a pointer 68. The yoke 71 carrying the tube-holder 73 is pivoted 
on the bracket 69, and is arc-shaped, Fig. 12, and fitted with slides 72 and notches 78, Fig. 
11, so that the tube-holder 73 can be positioned by a spring-actuated head 77 in adjacent 
positions for stereoscopic purposes. A milliammeter 95, Fig. 2, a starting-switch 94, and an 
auto-transformer switch gI are mounted on the top of the cabinet, and a time switch 100, 
Fig. 1, may be used for predetermined periods of operation. The transformers 110, 108, 
Fig. 16, for the coil and the cathode filament as well as the auto-transformer 104 and other 
circuit equipments are mounted inside the cabinet, the arrangement being diagrammatically 
illustrated in Fig. 16. The switch used comprises three contacts a, b, c, the contacts a, ¢, 
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being connected to the time switch when used. The function of the third contact b is first to 
switch the resistance III in circuit with the high-tension transformer 110 through the contacts 
a, b, and subsequently to short-circuit it through contact c. 


169,546. Electric discharge devices. GENERAL Erectric Co., Lro., Osram-Robertson 
Lamp Works, Brook Green, Hammersmith, and Tuompson, M., 68, Clarendon Road, Notting 
Hill, both in London. July 6, 1920. An electrode or a part thereof, made of tungsten or 
other metal, particularly a thoriated tungsten filament, is coated with a varnish, which, on 
baking, and during exhaustion of the device, makes a definite change in the surface 
of the metal, so as to prevent evolution of gases. The varnish may consist of celluloid- 


amylacetate paste, thinned out with a mixture of ether and methyl alcohol, and may contain 
red phosphorus. 


170,191. Röntgen-ray analysis. Sraunic, K., Fritz, O., and March, A., Innsbruck, 
Tyrol, Austria. Oct, I, 1920. Spectrometers. For the purpose of enabling exact measure- 
ments of Röntgen-rays to be made readily, a crystal 2 is secured by clamps 3 on a stand so as 
to be rotatable about its vertical axis. The pencil of rays issuing from the focus 6 is led through 
two lead diaphragms, 7, 8 adjustably mounted on the stand 1, which also carries the measuring 
screen 10. This screen 10 is provided with a slit in its vertical face to accommodate a trans- 
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lucent strip of material prepared with barium-platinum cyanide. A sine scale on the screen 
10 marked by means of some phosphorescent substance shows directly the length of the waves 
falling on the strip. An additional scale 15 graduated in millimetres and carrying adjustable 
index pointers 17, 18 and is used to determine the shortest length in the mixed rays constituting 
the pencil. The crystal is turned and the zero of the scale. 15 is placed at the point on the 
strip where a line of light first appears and the index 18 is moved to a similar point on the 
other portion of the screen when the crystal is turned in the opposite direction. The distance 
between the two indices is then double the distance of the shortest wave-length from the zero 
point. 


135,540. Réntgen-ray apparatus. Roprıcuzz, M. B., 67, Oxford Gardens, North Ken- 
sington, London. Sept. 27. 1918. X-ray apparatus for producing and viewing stereoscopic 
shadows of the object under examination directly upon a fluorescent screen comprises an 
X-ray tube containing two cathcdes and two anticathodes and two obturating-discs 12, 24 
placed in ircnt of the tube and the viewing-device respectively. These obtur: iting-discs are 
synchronously driven by flexible shafting from an electric motor 15. In operation, the illu- 
mination from the anti-cathodes passes through openings 10, II respectively, the light sources 
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being alternately cut off by the obturator 12. Right and left handed images of the body 16 
containing a foreign body 17 are thus thrown alternately upon the screen and are viewed 


alternately through the eye-holes 22, 23. The interrupter of the primary circuit of the trans- 
former 8 may be operated synchronously with the obturating discs. 


137,680. Röntgen-ray apparatus. Sctarras, O., Rocca Ste. Giovanni, Chieti, Italy. 
March 22, 1919. Apparatus for localizing fragments and the like in the human body comprises 
a square frame with graduated sides 2, and two pairs of movable tubes 6 which are moved 
together on opposite sides by gearing 4. The tubes 6 can be racked out towards the centre 
of the frame, and carry cross-wires 11 and marking-pencils 12, the pencils in opposite tubes 
being operated together by pneumatic means 14, 13. Each tube also has a telescoping mea- 
suring slide 15 fitted in the movable inner tube 8. To locate a fragment, the part affected is 
positioned within the frame, and the opposite pairs of tubes and the X-ray sources 23, 24 and 
screens 25, 26 adjusted so that the axes of the opposite tubes pass through the fragment. The 
surface of the body opposite the ends of the tubes are marked by the pencils 12. To obtain 
the depth of the fragment, the frame is removed, the tube 6 readjusted to position by means 
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of the scales 2, and the slides 15 extended to meet at a point within the frame which represents 
the position of the fragment relatively to the ends of the pencils 12 and thus relatively to the 
marked parts of the body. The slides 15 give the distances of the fragment from the marked 
points on the body. If the shape of the body does not permit both pairs of tubes 6 to be used, 
one pair of tubes is used with a third tube 19 angularly adjustable on a swinging bracket 17 
which gives a third reference point on the body. A graduated bar 22, mounted on the tube 6 
opposite the tube 19, is used to obtain a fourth point on the body opposite that determined 
by the tube 19. 


MevıcaL Research Awarps.—Mr. Briant enquired in Parliament, on July 21st, 1921, 
whether, in view of the vital importance of medical research to the nation, there could be 
provided a fund from which could be paid awards for discoveries or inventions which contri- 
buted to the general health of the community, and which were placed gratuitously at the 
service of the public—such awards to include pensions for those who had become totally or 
partially incapacitated in the course of research ; and pensions for dependents who needed 
it. Mr. Balfour (Lord President of the Council) said he saw no grounds for differentiating 
medical from other forms of scientific research which might be of equal value to the community, 
and he doubted whether any system of pecuniary rewards would, in the long run, be beneficial 
to science or medicine. The difficulty of apportioning merit for even the greatest of discoveries 
was often overwhelming ; monetary rewards would lead to jealousy instead of co-operation 
among research workers, and might prove to be an incentive to work for results which were 
sensational rather than for the advancement of scientific knowledge. The question was fully 
discussed at a deputation which he received on March 7th, 1920, at the Privy Council Office. 
Mr. Briant asked whether Mr. Balfour recognized that in one branch alone—research into 
the value of X-rays—a great number of medical men had lost their lives, and their dependents 
had got no recognition from the nation. Mr. Balfour said he believed that in the early davs 
of X-ray investigation some medical men lost their lives. ‘Their dependents were, of course. 
eligible for pensions. The Royal Bounty Fund was available for the purpose. Whether this 
fund was large enough was a question to which he was not competent to give an answer. 


X-rays AND Pıcrurzs.—The recent declaration of Professor Marten, director of the Art 
Museum at the Hague, that several of the best-known Rembrandt pictures are spurious is 
warmly challenged in art circles, says the Daily Express. Professor Marten cited particularly 
“ The Mill,” and declared that it nowhere shows the hand of the great master ; that the“ Burgo- 
master Pancras and His Wife ” in Buckingham Palace and the “ Christ at Emmaus ” in the 
Louvre are copies, and he believes the “ Good Samaritan” in the Wallace Collection to be a 
forgery. 

Mr. Francis H. Clarke, the well-known Rembrandt authority remarks “ that these state- 
ments are merely echoes of old suggestions, and are certainly not to be taken seriously. The 
pictures which Professor Marten questions are conceded by all Rembrandt students to embody 
all the characteristics of the great master’s work, but beyond this, the painter’s hall-marks 
are on each one of them. These hall-marks have been revealed by an X-ray examination, 
which has shown the painter’s signature on the canvas beneath the pigment. Canvas after 
canvas was treated in the same way, and there can be no doubt that this was Rembrandt’s 
own secret method of discriminating between his own work and that of the copyists in his 
famous school at Amsterdam. 

Fichrinc MALARIA wira N-RAYSs.—\We learn from the Observer, in connection with the 
work of reclaiming the Pontine Marshes in Italy that in addition to the old weapons with 
which it was customary to fight the fever which haunts these parts, the head clinic at Terracina, 
under the direction of Dr. Antonio Pais, has had recently much success with X-rays. Dr. Pais 
has found that the ravs have a beneficial effect on the enlarged spleens of malaria patients, 
and stimulate the enteebled activity of the red corpuscles. 

The Hon. Treasurer is anxious to purchase the following back numbers of the Journal :— 
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and would be glad to hear from any Member who is able to furnish them. Address—Hlon. 
Treasurer, Röntgen Society, 33. Newton Street, High Holborn, W.C.2. 


THE JOURNAL 


RONTGEN SOCIETY 


EDITORIAL NOTES 


The X-Ray Examination of Textiles. 

An interesting addition to the many and varied uses of X-rays in the 
examination of materials has been developed by Messrs. Truesdale and Hayes 
in the Research Laboratory of the Dunlop Rubber Co., Birmingham. In the 
Journal of the Textile Institute, Vol. XII, No. 71 (November, 1921) they describe 
how, by the aid of radiography, they have studied the movement of the threads 
in the canvas of a motor tyre during the several processes of manufacture of 
the tyre. For this purpose the canvas was specially woven so that every 
twentieth thread, both warp and weft, had been previously impregnated with 
a heavy salt. Thus the X-ray photograph reveals a series of squares, the 
pattern being in the form of a check. The most suitable salt for the purpose 
was found to be lead chromate formed by precipitation on the yard by first 
soaking it in lead acetate and then in potassium bichromate. 

. The X-ray plates or films were placed in actual contact with the material, 
so that the dimensions of the radiograph were those of the canvas. In the case 
of a tyre the film was placed inside the tyre, in contact with the first ply, and 
held in position by spring clips. The X-ray tube was on the outside and care 
was taken that the X-rays were normal to the film. 

As the series of reproduced radiographs show, the dimensions of the sides 
and angles of the squares are affected in some processes. By measuring 
predetermined squares on the radiograph taken after each process, the change 
due to the previous process can be arrived at. 

The method proves to be an effective means of ascertaining whether the 
stretch of the canvas threads, resulting from the various processes in the 
manufacture of the tyre, is within the limits of stretch tolerated by the yarn— 
a point of extreme importance to the tvre manufacturer. 


The Library. 


By the courtesy of the authoritics of the Institution of Electrical Engineers, 
the Library of the Socicty is kept in the Library of the Institution, where they 


54. The Journal of the Röntgen Society. APRIL, 1922. 


may be consulted at any time by members. It is hoped to publish shortly 
a full list of books at present in hand. The Council would be glad of contri- 
butions to the Library and they would especially welcome copies of new 
publications on radiology and allied subjects from authors. | 


Radiology and Physics, 

The third Mackenzie Davidson memorial lecture was delivered at the 
Royal Society of Medicine on February 17th, when Major G. W. C. Kaye, 
D.Sc., was the lecturer, and described the ever-growing importance of physics 
to the radiologist. The appreciation of the physicist by the medical worker 
in this country, he said, was a plant of tender years. The average medical 
student, with an eye on the forthcoming examination, was prone to dislike 
and distrust physics. It was not sufficiently brought home to the student 
that a knowledge of physics, so far from trammelling him, would liberate him 
from many false notions. Major Kaye devoted most of his lecture to the 
physics of the X-ray. Not everybody knew that X-rays played a material 
part in nature. The sun was an X-ray bulb, but such X-rays as escaped 
towards the earth were almost wholly arrested by the upper layers of the 
atmosphere, which accounted for the fact that the natural ionization of the air 
increased with altitude. Until recently a gap of four octaves existed between 
the shortest ultra-violet ray known to spectroscopic science and the longest 
X-ray, but within the last few weeks, as the result of experiments by indirect 
photo-electric methods on the part of a number of workers, both in England 
and Amcrica, it had been discovered that the continuity was complete, and 
that the X-rays immediately followed the ultra-violet and even overlapped 
into the ultra-violet region. There were sixteen octaves of X-rays, and as 
yet the radiologist had turned only three of them to account. The output 
of X-rays from a tube was proportional to the atomic number of the metal 
used as target, to the current passing through the tube, and to the square of the 
exciting voltage, which last was by far the most important thing for the 
radiologist to measure. 

* * * * 

In conclusion the lecturer dealt with the subject of X-ray protection and 
and the labours of the Protection Committee. The conditions obtaining in the 
radiological departments at a number of hospitals had been inspected by the 
National Physical Laboratory, who in many cases had found matters very 
unsatisfactory. The protection for the operator was sometimes lamentable 
in its inadequacy. The N.P.L. had employed a delicate electroscope, with 
the object of exploring the scattered radiation in different parts of the X-ray 
room, and had found that this radiation was too great for the capacity of the 
instrument to register. The investigators had to content themselves with 
the relative ease with which they could see the bones of the hand on a fluorescent 
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screen carried about the room! Ventilation was of importance second only 
to the actual limitation of the issuing beam; yet many hospitals appeared 
to regard the radiologist as akin to the mole or earthworm, and packed him 
away in the basement. The high-tension system also was usually not as it 
should be, and sometimes the coronal brush discharge on the wires resembled 
a benefit night at the Crystal Palace! Generous recognition should be given 
to the action of British X-ray apparatus manufacturers for their assistance 
in the matter of protection. It was a wise precaution to secure a certificate 
from the National Physical Laboratory as to the efficiency of the lead-glass, 
lead-rubber, etc., used for protection, because the protective values of these 
materials varied within very wide limits. 


Congress of Radiology. 


A Congress of Radiology and Physiotherapy, organized by the Section of 
Electro-Therapeutics of the Royal Society of Medicine and the British Associa- 
tion for the Advancement of Radiology and Physiotherapy, will be held in 
London on the 7th, 8th, 9th, 10th June, 1922, under the Presidency of Sir 
Humphry Rolleston, K.C.B. 

The Congress, which was originally arranged for last year, 1s a sequel 
to a small Congress held by French and Belgian radiologists on the Continent 
at the end of the war, when British representatives were entertained as guests. 
A number of French and Belgian radiologists have signified their intention 
of being present at this year’s Congress. Communications will be made either 
in English or French. Applications for membership should be addressed to 
the Hon. Treasurer, Dr. J. Metcalfe, 123, Harley Street, W.1. 

A large and representative committee has the arrangements ın hand. 
The Röntgen Society is not officially represented at the Congress. 


The Silvanus Thompson Lecture. 

As was anticipated Sir Oliver Lodge rose fully to the occasion at the 
Fifth Silvanus Thompson Memorial Lecture on March 2Ist, and his lecture 
proved to be quite exceptional in its interest and suggestiveness. An audience 
over four hundred strong testified to the esteem in which Sir Oliver is held 
as a lecturer, and served as a tribute to his extraordinary and unapproached 
facility of exposition. Briliant as the sequence of Silvanus Thompson lectures 
has been, the standard set on this occasion was unsurpassed. We could 
almost wish that it were possible for Sir Oliver to take in hand the younger 
generation of scientific lecturers and revive the almost forgotten art of polished 
and interesting exposition which some of the giants of the past possessed to 
such a noteworthy degree. We hope to publish the Memorial Lecture in an 
early issue. 
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THE STRUCTURE AND DIMENSIONS OF MOLECULES. 
By Pror. A. O. RANKINE, O.B.E., D.Sc. 


(Read Jan. 10th, 1922). 

HE questions of finding out how large atoms and molecules are, and what 
T they are like, have been very fascinating for quite a long time. 
Various methods have been adopted for obtaining information on these 
questions, but it is not until quite recently that it has been possible to get 
consistent results from them. In all the various methods it is 
necessary to determine the number of atoms or molecules in a cubic centi- 
metre. Now-a-days there is no room for any serious doubt as to that 
number. For example, in the case of a gas at normal temperature and 
pressure the number of atoms or molecules present in a cubic centimetre is 
known to at least two, and probably, three significant figures. The recognised 
number at the present time is 2:70 x 10'°. Any differences which crop up in 
the various estimates of molecular sizes, according to the methods used, must be 

attributed to some error in the interpretation of the dimensions obtained. 


One of the earliest methods, a fairly obvious one perhaps, and one which 
proves to give most incorrect results, is that of assuming that when a substance 
has been reduced to what is called its limiting density—when it is condensed 
to a solid and comes to occupy as small as possible a volume—the atoms or 
molecules are closely packed together. There is an underlying assumption. 
in this case, that the molecules are spheres, hard spheres, and cannot get closer 
to one another than a certain distance. Since the number of them per cubic 
centimetre is known, it is, of course, possible to get an estimate of the size of 
one of them. 


The reason why this particular method is a bad one has been revealed 
quite recently by X-ray crystal examination. Examination of crystals shows 
how extraordinarily empty many of them are. For example, the diamond 
contains only half as many atoms of carbon as there is room for. Sir 
William Bragg told me quite recently that an examination of the crystal 
of water (namely, ice) shows that it is excessively sparsely occupied. If the 
atoms in ice were closely packed, the density of the ice, instead of being 
rather less than one gram per cubic centimetre, would be something like five 
grams per cubic centimetre. The greater part of the space is unoccupied by 
atoms. It will be seen, therefore, that the assumption that there is close 
packing leads one to believe that the atoms have much larger sizes than is 
actually the case. This method, therefore, must be ruled out as unsound, 
although it forms, in a sense, the origin of probably the most accurate method, 
namely, that based on X-ray examination, X-ray examination tells us that 
the packing is not close, and it tells us also what is the actual arrangement 
of atoms in the ervstals. 
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There is another method, depending upon a knowledge of the refraction 
and dispersion which take place when light passes through gases. If it is- 
assumed that the atoms or molecules are spheres of material which 1s perfectly 
conducting electrically, it is possible to work out a theory of refraction and 
to obtain therefrom a rough estimate of how large each atom is. Whatever 
controversy there may be as to the structure of the atom or molecule, I do 
not think anybody believes it is merely a region of perfect electrical conduc- 
tivity. Thus estimates based on that assumption are not capable of interpre- 
tation. 

There is another method which gives more satisfactory results: that of 
measuring the viscosity of gases. I do not need to explain in detail the 
way in which the viscosity of a gas is connected with the size of the molecules 
of which it is made up. Qualitatively, the argument is as follows :—The 
viscous force in a gas is determined by the rate of transference of momentum 
between two neighbouring layers moving with different speeds. This rate 
depends upon the number of molecules which succeed in crossing the space 
between the layers. The question of crossing or not crossing is decided by 
the previous history of the molecules. They may be prevented from going 
across by having collided with other molecules. Thus the frequency of mole- 
cular collision is a controlling factor. The last step in the argument IS to 
say that the frequency of the collision of molecules depends on how large 
a target they offer to one another when moving at random. There is thus a 
connection between the viscosity of the gas and the size of the molecules. The 
important dimension of the molecule which comes into consideration is the 
area which it presents to other molecules for the purpose of collision. I lay 
stress on this point, for there is very little justification for supposing that every 
molecule is a sphere. It is probably of a shape which is much more compli- 
cated in many cases. Therefore the area for the purpose of collision depends 
on what happens to be its orientation at the moment. The viscosity formula 
gives the mean value of this area for all orientations. 

With regard to recent information derived from crystals, if we 
make an X-ray examination of a crystal by means of X-rays of known 
wave length we can find out very important things about the structure. We 
can find out the places where the centres (it 1s important that the word 


’ should be noticed) of the various constituent atoms are situated. 


“centres ’ 
Naturally, therefore, we can find out what is the distance apart of two neigh- 
bouring atoms in the crystal. This is actually all the information that X-ray 
examination gives us with certainty at present. It tells us, for example, in 
crystals of sodium chloride, how far apart are the centres of an atom of sodium 
and the neighbouring atom of chlorine. That distance can be regarded as 
the sum of the effective radu of the two atoms. These radii seem at first to 
bear no relation to those derived by other means. The question is, can any 
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consistency be arrived at between the estimates of the sizes as obtained from 
viscosity measurements and those from X-ray measurements for the same 
substances ? It is necessary here to make certain assumptions with regard to 
the structure of the various atoms. That, unfortunately, is still a matter of 
considerable controversy. It is now admitted by everybody, I think, that atoms 
consist of very small central nuclei, positively charged, surrounded, in positions 
which are not yet known with accuracy, by a number of negative charges or 
electrons. It is admitted, too, that the important thing about the atom is 
not how massive it is, but how many electrons surround the positive 
nucleus; and that number is called the atomic number. The point 
where the controversy begins is as to the state of these surrounding’ 
electrons. The central nucleus is excessively small, and the electrons around 
it are at comparatively great distances away. What we want is some in- 
formation as to how far away they are. There is considerable evidence in 
favour of the belief that the electrons are circulating in planetary orbits around 
the central nucleus. In the case of the atom of hydrogen, which has only 
one electron, the results of that assumption are so closely in accord with 
experimental work that it is scarcely possible to doubt it. The difficulty comes 
in with atoms which have larger numbers of electrons than one. The atomic 
number of xenon is fifty-four. That means that its positive nucleus has 
fifty-four positive charges, and there are surrounding the positive nucleus 
fifty-four electrons. A good many peuple find it difficult to believe that we 
can have anything other than chaos if all these electrons are circulating at 
the same time. There is quite a large school of thought which holds that the 
electrons in an atom are in practically fixed positions; not that they are 
entirely stationary, but that they do not circulate in large orbits, though 
they may describe comparatively small local orbits. I know that makes the 
classical laws of mechanics break down, but that is not a criticism that can be 
levelled with justice by the other side, for we all suspend the laws of mechanics 
at convenient moments! If we accept the fixed electron view, which goes by 
the name of the Lewis-Langmuir theory of atomic structure, we must believe 
that each atom consists of a central nucleus with a number of electrons round 
it, and that the positions of these are practically fixed. The strong point of 
this theory is its success when applied to the explanation of chemical combina- 
tion. Chemical combination is believed to consist of a re-organization of the 
electrons of the constituent atoms so as to attain the stable and symmetrical 
arrangements assigned in the theory to the inert atoms. The application of 
the theory to the results of X-ray crystal measurements makes it possible, 
as W. L. Bragg has shown, to estimate the diameters of the outermost electron 
shells of the inert atoms, and these can be compared with the viscosity 
estimates, thus :— 
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DIMENSIONS OF INERT ATOMS. 


- Diameter in cms. x 10% i 
From crystal From viscosity | Ratio 
Gas. measurements. measurements. | 

| 2d 20 | K =d/o 

Neon 1°30 2°35 0°55 
Argon | 2°05 2°87 071 
Krypton 2°35 3:19 074 
Xenon 2°70 | 3°51 0-77 


a SR ED, 


The assumption made in getting the diameters in column 2 is that the 
molecules behave in collision as hard spheres. The differences in the dia- 
meters are evident, but always the value obtained from viscosity measurement is 
bigger than the value obtained from crystal measurement. Nevertheless, 
calculations based on the Lewis-Langmuir theory explain satisfactorily the 
apparent discrepancies and enable us to derive for the dimensions of such 
gaseous molecules as the halogens, carbon dioxide and nitrous oxide values 
which are consistent with the experimental results obtained by measuring 
viscosity. 

The amount of further work which can be done in this connection is not 
very large, because so few substances occur at convenient temperatures in 
the gaseous state. If we examine them, it will be found that nearly all the 
substances which can be conveniently got in the gaseous state contain hydrogen. 
This led me to examine what information could be obtained as to the dimensions 
of the molecules of such gases as are indicated in the following table :— 


MODIFIED PERIODIC TABLE SHOWING THE APPROPRIATE 
HYDROGEN COMPOUNDS. 


CH, | N H, | H. O | H F | Ne 
SiH, PH, | HS o | HA \ E 

As H, | H, Se H Br Kr 

| Sb H, | H, Te H | | X 


According to the Lewis-Langmuir view all the hydrogen compounds in 
a row have attained the electron arrangement of the corresponding inert gas 
by making use of the electrons of the hydrogen atoms. 

In H, S for example, the sulphur atom has an atomic number of only 
sixteen. This can be made up to eighteen, t.e., the atomic number of argon, 
by absorbing two electrons from two separate hydrogen atoms; so we are led 
to regard the hydrogen sulphide molecule as resembling an argon molecule 
with two excrescences due to the hydrogen nuclei. PH, is similar to the 
argon atom, with three such excrescences. If we measure the sizes of the 
molecules by the viscosity method it leads to this interesting result, that these 
hydrogen nuclei or, rather, the excrescences representing the hydrogen 
nuclei, seem to get bigger and bigger as their number increases. 


If an assumption is made, which is rather bold, namcly, that the hydrogen 
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excrescence is spherical, we can get some sort of picture of how rapidly these 
excrescences grow with increasing number. A plausible explanation would be 
that the hydrogen atoms have positive nuclei at their centres, and if they 
multiply, mutual repulsion will tend to keep them further apart. Ultimately, 
this repulsion possibly becomes so large that it prevents the existence of com- 
pounds, such as BH, and AIH, whose formation would, otherwise, be 
naturally expected. 


DISCUSSION. l 
THE PRESIDENT observed that Prof. Rankine was an acknowledged expert on the 


curious inter-relations of the atoms of one substance and the molecules of another substance 
which ought on this general ground to have very similar properties. He would say no more 
but anticipated an interesting discussion. 

Major G. W. C. KAYE said that it was a great privilege to have first-hand information 
on this subject from such an authority as Prof. Rankine. One feature which had struck him 
was Prof. Rankine’s absolute straightforwardness as to the assumptions he was making. So 
often such things were slurred over. His only regret would be that Prof. Rankine had not 
gone on longer and dealt more fully with the work that was being done on the X-ray side of 
the question. 

Prof. SIDNEY RUSS said that Prof. Rankine with characteristic modesty had merely 
referred airily to the methods by which the viscosity measurements in gases were carried out 
as being a very old story. That might be true, but it was a recent story as to how the new 
and ingenious methods which Prof. Rankine devised had made it possible to carry out inves- 
tigations with minute quantities of gases. Prof. Rankine had spoken of the breaking across 
of the atoms from one boundary to the other and had said it depended on their past history. 
He did not know what was in the lecturer’s mind at the time. He supposed it was a question 
of what orientation these molecules had been through and what was presented at the moment. 
It did suggest one thing to his (Prof. Russ’) mind, namely, whether it would be possible to 
carry out any measurement of a gas whose history was always a matter of conjecture to a 
certain extent and yet in regard to which there was a certain amount of information. 

Dr. F. L. HOPWOOD said one particular feature of Prof. Rankine’s work should appeal 
to members, though it had not been dwelt upon. While the Society was largely interested in 
the effects of the radiations on cells, they wanted to know what the properties of these cells 
were, and they were beginning to find out, among other things, that a large number of their 
properties depended upon their size and shape. Any information which they could get which 
would give them details of the structure of matter in these sub-microscopic forms would be 
very valuable. 

Prof. ANDRADE asked how Prof. Rankine would reconcile Bohr’s view of the state of 
electrons in atoms with Langmuir’s view. As far as he could see, it was impossible to do 
away with the general rotation of the electrons round the atom. 

Dr. E. A. OWEN said he had been greatly interested in the separation of the hydrogen 
atom from the main atom, or excrescences, as they had been called. He wondered whether 
the lecturer had tried work on the change of viscosity with variation of pressure. One might 
obtain valuable information at high pressures. He believed that in liquids, when the pressure 
was enormously increased, the viscosity changed abruptly, being greatly increased. It might 
thus be possible to obtain valuable information as to the relations of the hydrogen atom and 
the nucleus of the atom with which it was in combination. 

Dr. G. B. BATTEN said as a medical man he did his best to get clear mental pictures of 
these researches. He would like to ask one question. One heard a good deal about the posi- 
tions and also about the properties of the outlying electrons in the atom. Very little indeed, 
however, was heard about the electrons that were nearest the nucleus. He would be glad if 
they could be enlightened as to the difference in properties of the outlying or shell electrons 
and the ones nearest the nucleus. 

Prof. RANKINE in reply said he had been asked some questions to which he did not feel 
very capable of replying. In reply to Prof. Russ, when he spoke of “ past history ” what he 
meant was very simple. The point he was making was the question of whether an atom or 
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molecule would get across a particular layer. That would depend upon its past history only 
in the sense as to whether it was to get across or not ! It would get across if it was not prevented 
from doing so. It would not if previously it came into collision with some other molecule. 
That was all he meant. He wanted to show that the facility with which the molecule got 
across the layer was bound up with the frequency of collision between it and its neighbours. 


In reply to Dr. Hopwood, the question raised was important, but bristled with difficulties. 
After all, they must remember that they could only estimate sizes by the viscosity method 
provided that the substance in question was in the gaseous state. He did not know that any 
mathematician had yet been able to work out the viscosity theory of a liquid or a semi-liquid 
such as the cells Dr. Hopwood spoke of. No doubt the origin of viscosity in liquids was much 
the same as in gases, but there were additional factors which had not yet been treated success- 
fully from a theoretical point of view. Until this was done they could not hope to derive 
information from liquids. They knew much less about liquids than they did about gases. 


The question raised by Prof. Andrade was of fundamental importance. He had always 
had a feeling at the back of his mind, which might be ridiculous, but he would state it for 
what it was worth. The difficulty of reconciling Bohr’s view and Langmuir’s view was of 
reconciling what was regarded in one case as rapidly circulating electrons and in the other case 
as electrons nearly fixed in position. He did not think the two things were necessarily irre- 
concilable. One had to remember that the evidence which was in favour in Bohr’s view of 
the atom was derived from observations of the behaviour of substances, not when in the solid 
state, nor in the liquid state, but in the gaseous state; and at such a high temperature that, 
for example, a molecule of hydrogen was separated into its two atoms. Personally he saw no 
obvious objection, though this might seem to others absurd, to regarding the hydrogen atom 
in these circumstances, 1 ¢., when it was radiating light and giving rise to its spectrum (which 
fitted in so well with Bohr’ s theory) as being in an entirely different state from that in which 
it was found, for example, in ice. Why should it not be regarded as a central positive nucleus 
and practically fixed electron arrangement when in combination with oxygen so as to form 
solid water ? It was very difficult to picture hydrogen atoms in ice from the point of view of 
Bohr’s hypothesis. It was possible there was truth in both theories in that both were true 
sometimes, but not on the same occasions. Bohr’s theory had not yet given the secondary 
spectrum of hydrogen. The President would be able to say something about that. 


THE PRESIDENT remarked that there were reasons for supposing that a certain part 
of the spectrum could be explained, but there was a great deal to be explained yet. 


Prof. RANKINE said if Langmuir and Bohr could not settle this dificult matter between 
them he did not think he ought to be called upon to do so. He had not carried out experiments 
on the lines which Dr. Owen had suggested. It was usually assumed that unless they made 
the pressure high they would not get any variation of viscosity. The trouble was that with 
very high pressures they could no longer use their theory. They could make measurements 
of the viscosity easily enough in the case of excessively high pressure where the viscosity ceased 
to be independent of the pressure, but then they no longer had a formula for calculating the 
size. The boldest mathematician had not gone further than to assume that a gas was a perfect 

gas for the purpose of working out the theoretical viscosity, and until they got a still bolder 
one it would not be possible to derive from viscosity measurements at high pressures anything 
satisfactory as to the size and shape of the molecule, ‘There might be a change in the size 
of the molecule, but there was at present no information on the point. With regard to Dr. 
Batten’s question, many others there would be better able to answer it than he himself. It 
had been suggested that the principal difference between the electrons near to the nucleus 
and those further away was that the outer ones were responsible in the first plaĉe for the 
chemical combination, The inner ones were so close in to the nucleus that they never got 
any chance of taking part in the chemical combination. “The outer ones, too, he thought he 
was right in saying, were those which had to do with all questions of luminous radiation. 
The inner electrons of the atom were not disturbed by ordinary light. As Prof. Andrade said. 
the inner electrons were responsible for the X radiations they obtained from the atoms in 
question, One had to revert to Bohr’s theory here. It was the inner electron which changed 
its position, changed its orbit, when X-rays were radiated and the outer electron changed its 
orbit in the case of ordinary light. 


The proceedings concluded with a vote of thanks to Prof, Rankine for his paper. 
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A PRECISION X-RAY APPARATUS. 
By MONTFORD Morrison. 


Form of Rectification. 
NE of the most variable factors in treatment work is one which has 
O been entirely neglected heretofore, and that is the constancy of the 
wave form in rectification. We have heard much about the long wave 
and the short wave forms of rectifiers, but not about the constant form of wave 
rectifier. 

To fully understand how a constant form of rectification may be accom- 
plished, we must go back to the subject of spark gaps having pointed electrodes 
and those having spherical electrodes. The inconsistencies of the spark-over 
voltages for pointed gaps have been recited time and again. In the 
Proceedings of the American Institute of Electrical Engineers for the year 
of 1913, the articles: ‘Sphere Spark Gap,” by Farnsworth and Fortescue ; 
“ The Calibration of the Sphere Gap Voltmeter,” by Chubb and Fortescue, 
and the discussion on this paper by Peek and others, have shown in actual 
facts and figures how unreliable are spark gaps with pointed electrodes. It 
has been pointed out in these papers that pointed spark gap variations are 
not only unreliable because of electrical conditions, such as oscillations which 
occur in the circuit, but are also greatly affected by the humidity of the sur- 
rounding air. Further, the point-gap changes in its operation as the points 
begin to wear away. 

Because of this, a strong agitation has now been set up for the use of 
sphere gaps as a means of measuring the parallel spark gap of an X-ray machine 
instead of our older pointed gaps. 

All high-tension mechanical rectifiers heretofore constructed have been 
essentially revolving pointed spark gaps, some having employed rounded surfaces 
for the stationary electrode of the rectifier, but everyone has employed some 
form of points for the revolving element. Thus, we have in the rectifiers of 
the past, revolving pointed spark gaps with all of their inconsistencies and 
irregularities. 

Let us now see how the revolving mechanical rectifiers of the past are, 
in reality, revolving spark gaps and how they operate thus. The common 
forms of rectifiers have either stationary ares of considerable length and 
revolving rods which are pointed, such as illustrated by A in Fig. 1, or revolving 
arcs of considerable length and stationary short electrodes which are not 
necessarily points, but have substantially pointed surfaces, as shown by B, in 
Fig. 1. It must be understood that by points, so far as sparking distance is 
concerned, the electrodes do not actually have to be pointed to have these 
variable characteristics, but they must have substantially small surfaces. 
For instance, very small balls might be substituted for the points without 
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getting very far away from the inherently bad characteristics of true 
points. In order entirely to get away from these inconsistent characteristics, 
the surfaces substituted for the points have to be very large, so that whether 
a thing is very pointed or not very pointed makes but little difference in 
the results. 


The object of a rectifier is to make connections between two high voltage 
leads so that as in A in Fig. 1, the rectification is accomplished when the 
current flows from the upper stationary arc to the lower, or vice-versa. 
The revolving member revolves to such a place that the current jumps from 
the upper stationary arc to the revolving rod, thence through the rod and 
from the other end of the rod to the stationary arc, so that the amount of 
rectification obtained for any given parallel spark gap depends upon the 
sparking voltages of these gaps. They being virtually pointed gaps, the 
spark voltage depends upon the frequency, the humidity of the air, whether 
there are oscillations in the circuit or not, and other factors, so that from 
day to day we expect this kind of a rectifier to give us different amounts 
of rectification for the same parallel spark gap. The operation of the 
rectifier indicated by B in Fig. 1 is exactly the same so far as rectifying 


hof a half wave 
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characteristics are concerned, giving inconsistent results and, at the same time, 
generating large amounts of nauseating ozone and nitrous acid. 


By referring to Fig. 2, we can see what this means in the rectified wave 
form. If a rectifier be set, on a very dry day, to give rectification during 
one-third of the interval, as illustrated in Fig. 2, and the humidity of the air 
changes, or some of the other variables come into play, the spark jumps between 
the pointed gaps illustrated in Fig. 1 at a lower voltage, that is to say, the 
spark jumps between the gaps illustrated in A sooner than it did before and 
therefore we get more of the half wave than in the first case. How much more 
it is difficult to determine, so that the thought which suggests itself is to 
design a rectifier which has the characteristics of a sphere gap and not that of 
a pointed gap. By doing so, we may not only eliminate the inconsistencies 
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of the needle point gaps, but, at the same time, do away substantially with 
‘the corona discharge and the obnoxious ozone and nitrous acid which accom- 
pany it. Since rectifiers with sphere gap characteristics have to do only with 
the spark-over behaviour of the apparatus, we may construct such a device 
to have either short wave or long wave rectification and it remains for us to 
determine which of these we wish to. employ. In realization of a practical 
rectifier which would give the characteristics of a sphere gap, we have to 
employ stationary and revolving spheres in place of stationary and revolving 
points. Such a rectifier would be indicated in Fig. 3, by A and the current 
might be carried through the shaft or from sphere to sphere by the revolving 
sphere intervening, but the latter case requires undesirably large spheres and 
the former requires cross arm construction which weakens the shaft 
mechanically, causing vibration and noise. 


If we employ stationary spheres and allow the revolving spheres in A, 
Fig. 3, to generate segmental rings of circular cross sections, such as are known 
as toroids in mathematical analysis, we do not have to conduct the current 
through the shaft and therefore do not weaken it mechanically and we 
avoid the high voltage strain upon its insulating ability and obviate 
the noise created by the critical dimensions illustrated in A, Fig. 1. As 
referred to above, we may make the amount of rectification either long wave 
or short wave, for the amount of rectification depends upon the length of 
these toroids for a given circular cross section for both the revolving and 
stationary electrodes. Longer rectification may be obtained with such a 
rectifier than with any of those heretofore built, because the toroids may be 
brought very close together without the possibility of spark-over. Or we 
may take advantage of the fact that spheres spark at several times shorter 
distances than points, so that by employing a form similar to that in A, Fig. 3, 
without cross connection between the revolving members, we may obtain the 
very crest of the wave, giving the shortest possible length of wave rectification. 

Therefore, we have a reetifier which ts absolutely constant in its form of 
wave rectification and by which we mav obtain anything from the longest length 
of wave rectification down to the verv shortest. Moreover the rectifier being 
connected up with rods, instead of small wires, is substantially coronaless and 


Operates with a minimum of arcing and absence of ozone and nitrous acid. 
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Such a rectifier, in practical form, gives a unit such as is illustrated in 
Fig. 4, which is integral with the transformer and, in reality, is an entire 
X-ray machine within itself. 
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Length of Wave Rectification. 


Having determined the foregoing, the next logical step is to decide 
whether the long wave rectification or the short wave rectification is more 
suitable for the work which is expected to be performed. 


Referring back to Fig. 2, it will be understood that where waves of voltage 
are employed, if we speak of a 10-inch parallel spark gap, measured between 
points, we mean a voltage having any form whatever, but of a crest value 
corresponding to a 10-inch gap. It is the very top or crest which spark gaps 
are supposed to measure. 


It will be seen from this figure that the instantaneous value of the 
voltage before and after the crest value, is less than that of the crest value and 
may be considerably less, depending upon how much of the wave we rectify. 


Now, if the radiologist determines that a parallel spark gap of 14 
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inches is required to give him the therapeutic results that he desires and that - 
13 inches will not, then it can be said with certainty that that part of the 
wave falling below 13 inches is of no use to him. 

The next question is, does any harm result from the part of the wave 
which falls below the crest value passing through the tube ? The most direct 
answer to this is that it represents additional energy which is dissipated by 
the tube almost entirely in the form of heat, and therefore lowers the possible 
milliampéres that one may use at anv given parallel spark gap, limiting, there- 
fore, the output of the machine so far as useful X-rays are concerned. 


It may be well to point out here that a rectifier of any of the old models 
using pointed spark gaps cannot be depended upon to give any absolute definite 
set lower value of the wave, and therefore in order to have this lower value 
perfectly and definitely fixed at a constant quantity at all times, a rectifier 
of the type described here must be utilized. ' 


It goes without saying that a hot cathode rectifier would be the least of 
all desirable for therapeutic work, in view of the fact that it rectifies sub- 
stantially the entire wave. 


Meter Measurements of Wave. 


Short wave rectification is not substantially better than long wave recti- 
fication, unless it is of a constant form of rectification, and we will now proceed 
to discuss why it is absolutely essential to have a constant form of rectification. 


The hardest rays, the most penetrating ones, those which we strive to 
obtain, depend upon the crest value of the rectified wave. This is very appa- 
rent from the fact, that the highest voltage which we have, necessarily yields 
the hardest rays. 


In the measurement of electrical energy in an X-ray tube, we measure 
two things, crest voltage and average milliampérage. In a pulsating uni-di- 
rectional voltage, such as illustrated in Fig. 2, the crest value is of course the 
very top, and the average value, which is the milliampere meter reading, is 
the true arithmetical average height. We can now work out why the long 
form of wave rectification, or the non-constant form gives erroneous meter 
readings. If the crest value produces the hard rays which we desire and we 
rectify only a very small amount of the wave as shown in Fig. 2 by the dark 
area in the centre of the wave, our crest value and average value are sub- 
stantially the same, and therefore our meter readings represent with a good 
degree of accuracy a measure of the energy going into the tube which produces 
the desirable X-rays. But it will be seen from this same figure that in 
the case of long rectification, the energy measurement is not closely pro- 
portional to the useful X-rays given off, because considerable energy is 
measured which is not producing useful A-ravs. 
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Crest Voltmeters. 


The next topic would logically be means for accurately measuring the 
energy after we have constructed a rectifier which meets our requirements. 
The American Institute of Electrical Engineers in its Standardization Rules 
for 1921 allows the use of needle gaps up to 90 millimetres or on alternating 
current waves up to a voltage corresponding to about 70 kilovolt crest value. 
Above that, suitable sphere gaps are recommended. Since, with the exception 
of skin work, X-ray therapeutic work is done, so far as the writer is informed, 
on spark gaps in excess of 90 millimetres, if a spark gap is to be used, 
the Institute’s recommendation would be the sphere gap. However, by 
reference to these Standardization Rules, it will be found that different means 
of measuring high voltage are recommended. The sphere gap requires great 
accuracy of construction, and when the spheres are large, one cannot depend 
upon remotely disposed screws for reading the values accurately and the distance 
between the gap must be calipered. In reality, sphere gaps, to be depended 
upon, must be lined up and supported in accordance with the American Insti- 
tute’s recommendations. The supports must be double, to prevent springing 
of the gaps, and the micrometer screw must be in line with the axis of the 
spheres as illustrated by Farnsworth and Fortescue. The sphere gap 
cannot be used with great accuracy where the circuits have large charg- 
ing currents, such as we often find in overhead tubular systems in 
X-ray laboratories. Reference to the Standardization Rules on this point 
can be made. Further, the sphere gap requires considerable personal skill 
in reading its true value, as a personal error is lable to be large because 
of the fact that it is impossible to arrest the movement of the spheres 
immediately on spark-over. This personal error is large on the larger 
spheres measuring higher voltages. Furthermore, a sphere gap cannot con- 
veniently be continually read during treatment. 


When Fortescue and Chubb first experimented with the sphere gap as 
a means of high voltage measurement, they had to devise a means for arriving 
at as nearly an absolute method as possible of calıbrating the sphere gap. 
It consists of a precision air condenser, having its discharge measured by a 
galvanometer or a milliammeter, the milhammeter being graduated directly 
in crest kilovolts; thus, we have a direct reading crest kilovoltmeter which 
may be read at all times without disturbing the line conditions and is inde- 
pendent of the line charging current and personal error due to manual 
manipulations of the spheres. 


The standard air condensers which have been developed on these lines 
are shown in a close view in Fig. 5. A sphere gap is included as a limit 
gap for the machine and further as a means of checking one crest measurement 
against the other if desired. The milhammeter is mounted in a corona-proof 
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. case, in a corona-proof high-tension line, directly at the tube terminal, 
and thus connected, we do not read any losses between the X-ray machine 
and the tube. 


Fig. 5. 


X-ray Spectra. 


Directly connected with the subject of the form of the rectified current 
wave is the subject of X-ray spectra. In the December, 1915, issue of the 
American Journal of Röntgenology, Hull showed a graph oftwo X-ray con- 
tinuous spectra which were made under the same set of conditions, except that 
one was made with a constant potential, whereas the other was made with the 
common wave form which one obtains from a self-rectifying tube. The two 
spectra matched after a general sort of fashion, if only inspected by a casual 
glance. But, by actual scaling of these two comparative spectra it will be 
seen that the constant voltage gave a much larger quantity of harder rays 
than did the ordinary pulsating form of wave. 

The writer has been informed by a physicist who has done a great deal 
of work on this subject, that comparative spectra obtained without filters 
may match in a general sort of fashion like those which Hull illustrates, 
but that with considerable filtering (and we inevitably have some filtering) 
quite different spectra are obtained from constant and pulsating potentials. 

If we may not have a constant potential with which to work in practical 
form, then the next best voltage with which to work would be one which 
substantially does away with the lower voltages obtained by long wave rec- 
tification and, most important of all, one which gives a constant form of voltage 
rectification which means a constant form of spectrum. 
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A BOILING WATER TUBE FOR DEEP THERAPY. 


By CUTHBERT ANDREWS. 
(Read Feb. Tth, 1922). 

HE tube shown is of the Boiling-Water type for the treatment of deep- 
seated pathological conditions. The general principles of the work are 
probably well known to most of those present, and therefore this 

instrument needs very little description. 

The cathode neck is prolonged so as to allow of the tube being worked at 
an equivalent spark gap of 16 inch. The cathode is hollow, and is cooled 
by means of a heavy radiator. The anticathode opens into a massive water 
bulb, which has on it a gauge for indicating the water-level. At the base is 
fitted a Bunsen burner connected by a flexible tube to the ordinary gas supply, 
and the flame from this burner will impinge upon an osmosis tube. This 
osmosis tube is connected to the anode. 

The exhaustion of the instrument is the most important feature. When 
the tube is first placed on circuit it is so hard that no current will pass. It 
will be seen that a small spark is passing between the edge of the Bunsen 
burner, and the omosis regulator. This will cause the gas to ignite, and the 
osmosis tube to become heated, with consequent regulation. 

The supply of gas should be cut off immediately, and as soon as the 
flame has disappeared, the gas should be turned on again. Then, as the tube 
hardens, the small spark will again pass between the burner and the regulator, 
the gas will again ignite and the cycle be repeated. 

Mr. Schall has made an apparatus for switching on and off mechanically 
the gas supply at any desired potential, and by using that apparatus the 
running of the Boiling Water tube is rendered absolutely automatic. 

Tests on this tube have been carried out for some months past, and we 
are entirely satisfied that we can produce these instruments of a quality in 
every way adequate for the special work for which they are designed. 

I think that is all I have to say about the instrument itself : but may I 
venture to remind X-ray workers that the tube-makers of this country have 
amongst them produced every known type of X-ray tube, with the exception 
of the hot-cathode pattern, which is patented? In the case of this Boiling 
tube, every part, metal and glass, has been made throughout in my own shops : 
and with the exception of the actual tungsten disc, of British materials. That 
is not, of course, a very great achievement : as you can see, it is quite a simple 
tube to make. But, in view of the fact that the whole of the apparatus neces- 
sary for the carrying out of the Erlangen technique is being produced—and I 
believe, produced satisfactorily—in this country, may one hope that hospitals 
which are taking up this work will remember that they have no necd to go 
abroad for their plant, and that, indeed, they dare not do so if they wish the 
manufacture of such apparatus to continue in England ? 
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NOTE ON X-RAY TUBES CONNECTED IN PARALLEL. 
By C. E. S. PnııLırs, O.B.E. | 


(Read Dec. 6th, 1921). 


HE relatively large expenditure of energy required for radiation treatment 
under present-day conditions brings into prominence the excessive 
development of heat at the target of X-ray tubes. Numerous well-known 
devices have been applied to gas tubes for the purpose of keeping this tem- 
perature within safe limits, but no hot-cathode tubes are in use in this country 
to-day with anything more than a radiator or air blast to dissipate the heat 
generated within them. The introduction of the boiling water Coolidge tube 
into England can, however, only be a question of time for it has already been 
constructed in Germany and France. 

Now it is obvious that if we are able to use two or more tubes simultaneously 
in parallel, the energy taken may be divided proportionally between them and 
their life prolonged without diminishing their total ray output. It seemed 
worth while therefore to see what could be done in this direction first with the 
gas tube regulated by hand or automatically and then with the Coolidge tube 
of standard type. It was in fact found impossible to persuade two ordinary 
gas tubes to work in parallel and experiments were then carried out with gas 
tubes automatically controlled by the ingenious osmosis regulator so much 
used in Germany. I have to thank Mr. Andrews for kindly lending me such 
a tube to put beside the one already in the Radio-therapeutic Department at 
the Cancer Hospital, and Messrs. Watson for sparing Mr. Gough who attended 
and gave valuable assistance. The following is typical of the results 
obtained :— 

Tube A, being a little less resisting, began to glow at once when the current 
was turned on, but since the regulators were set so that gas entered the tubes 
when the current through them was less than 2 m.a., the regulator in tube B 
was fully in action, because no current at all was passing in that tube. The 
resistance of B therefore rapidly fell until a point was reached when it sud- 
denly stole all the current from A. Then A’s regulator let in gas until that 
tube glowed in its turn and the other ceased to function—and so on. It is 
seen therefore that the addition of the automatic regulator simply caused the 
tubes to light up alternately and to get softer and softer. There seemed no 
way of avoiding this result and it appears certain that no form of gas tube 
can be adjusted to function simultaneously when two or more are connected 
in parallel. It must be borne in mind, however, that single boiling-water gas 
tubes with these automatic regulators successfully carry 2 m.a. at 200,000 
volts and so, for the moment, the need of parallel connection is in their case 
not pressing. 

The new long Coolidge tubes also take this energy, although I am inclined 
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to think they are working very near to their safe limit. The target and stem 
get white hot in fifteen minutes, which is not to be wondered at when it is 
remembered that about 0°5 horse power is being converted mainly into heat 
by bombardment of the target. On the other hand experiments with Coolidge 
tubes showed that they can be simultaneously used in parallel and that the 
energy, being shared between them proportionally, developed less heat in 
any one while still preserving the constancy and precision characteristic of the 
hot cathode tube. Moreover, now that the boiling water Coolidge can be 
made, it should be possible not only to bring to bear upon an area an intensity 
of radiation as great as can be obtained with a gas tube, but, by connecting 
the Coolidge tubes in parallel, this intensity could be made considerably 
greater than that which is capable of being produced by any form of gas tube 
at present available. There are, however, one or two points to consider. 
For- instance, two Coolidge tubes connected in parallel may be taking their 
saturation current or not depending upon the conditions of the circuit. Itisa 
question, of course, of volts across the tube and temperatures of the hot cat- 
hodes. Various cases are possible, but need not be considered in detail here. 
I only raise the question now in order to point out that it is possible to change 
the current in one tube without in the least affecting that in the other—the 
quality of the radiation alone would change. This is the case where both 
tubes are passing their maximum current (for a given temperature of the 
cathode) and the resistance of one is increased by reducing the heating current. 
The P. D. rises across both tubes since they are in parallel, but the current is 
less in one and remains constant in the other. 

Finally, I would mention very briefly, because they do not strictly come 
within the scope of this note, the high-tension commutating devices wherebv 
X-ray tubes are put in action alternately. Mr. P. J. Neate has been experi- 
menting with such a mechanical arrangement and permits me to say that 
satisfactory results have been obtained with it and that the plan has the 
merit of allowing one tube to cool while the other is in action. Either gas 
tubes or hot-cathode tubes can be worked on this scheme, but the greater 
simplicity of ordinary parallel connection which is possible with the latter 
seems to offer many advantages where an intense beam of rays is required to be 
brought to bear upon a region under treatment. 


DISCUSSION. 

Mr. P. J. NEATE said what he had done was to alter the cummutator arrangement on 
an ordinary transformer by taking out the disc and putting on a small wire cross-bar on the 
prolonged end of the shaft. The cross-bar was merely a piece of -§-inch wire screwed into 
each end of the brass ring at each end of the commutator, the effect being that the cross-bar 
alternately put into connection the two opposite collecrors, so that one got a sort of three- 
phase current. Further by an extremely simple arrangement he got a double break snapping 
the current at two points, thereby getting practically double the velocity of the break, and 
reducing the sparking very considerably. 

A vote of thanks was accorded to Mr. Phillips on the motion of the President. 
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HOW TO PREPARE FOR 200,000 VOLTS IN RADIOLOGY. 
| By A. E. Dean, F.Inst.P. 


HERE is in all probability some degree of nervousness or hesitation on 

the part of British radiologists, as to the means of protecting themselves 

and their neighbours against the effects of the penetrating rays, now 
being used in the fight against cancer. This nervousness is perfectly com- 
prehensible when one remembers the valuable lives that have been cut short 
by the cumulative effect of X-rays on the human system. 

In the year 1921, two distinguished Radiologists lost their lives in the 
practice of Medical Radiology. Dr. Ironside Bruce, well-known to all the 
senior ranks, and Dr. Albers Schoneberg of Hamburg, one of the pioneers of 
radiography and certainlv one of the most brilliant exponents and versatile 
writers on radiology. 

Both were victims of the lack of information existing in their time and 
both were victims to radiations whose wave lengths did not exceed about 
0:3x10° cm., that is to say, in the “ yellow-green ” portion of the X-ray 
spectrum corresponding to voltages of 60,000 to 100,000 volts. Our aim to-day 
is to harness, and with safety to all, wave lengths one octave higher than this, 
t.e. about 0-15 x 10% cm. situated in the “ultra-violet ” of the X-ray spectrum 
and having a penetrability of from 10 to 40 mm. of aluminium. This state- 
ment is intended to convey not alarm, but a notion of what we are handling 
to-day. 

Let it be noted that the probable primary biological cause of the changes 
in the tissues of those who carried out the early work, was not only the 
penetrating character of the radiations which reached them, but their hetero- 
geneity—and this is of the highest order of importance for our future guidance. 
It is well-known that the bundle of radiations emitted from an X-ray tube, 
contains the whole gamut of wave lengths. 

For the purposes of deep therapy,—which demands wave lengths which 
will resist appreciable absorption by 10 cm. of human tissue—complete homo- 
geneity is preferable and the production of homogeneous rays will go a long 
way towards solving the problems of protection. 

Of the systems of deep therapy treatment in vogue on the Continent, 
the one which meets with the greatest favour is one which is capable of causing 
at 10 cm. depth, 18 per cent. of the total skin dose (called the erythema skin 
dose) to be absorbed in 28 to 36 minutes. A total dose, which may 
equal 100 per cent. or more according to the case, results from a multiplication 
of the 18 per cent. by the number of skin areas. I understand there is a 
condition, which needs 180 per cent. of the critical skin dose. Incidentally, 
I am credibly informed, that there is a system which can give the whole 100 
per cent. at 10 cm. depth in forty minutes. 
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It must then be realized that to live in such surroundings calls for ultra- 
protection—and how shall we achieve it ? It will be said one has only to 
surround the tube by heavy lead, sufficient to absorb at short range the greater 
part, if not the whole emission, but this is not easily realizable. A potential 
difference of 200,000 volts has a sparking distance in air of about 16 inch 
between points. It sets up an intense electrostatic field which is extremely 
difficult to confine to the high tension lines. An attempt has been made to 
confine leakage by insulation in oil, but any insulation other than air and 
distance must be but temporary, as sooner or later the oil will cease to insulate 
effectively and leakage will occur. 

This brings us up against the difficulty of putting lead in close contact with 
the tube—it must be done in stages for the reasons already given—and with 
something other than metal near the tube. Lead rubber may be used to 
surround the tube and an absorption of 20-30 per cent. should be attained. 
Owing to the high static charges it is wise to cover the rubber sheet with a 
non electrostatic substance with a smooth surface, which will permit of easy 
cleaning of the dust attracted to it. Another point to be remembered is the 
rapid metallisation of the X-ray tubes, whether hot-cathode or gas—in a few 
days they become very discoloured, if not black. This makes it more important 
for the back-ground to be of a light tint, in order that the presence of released 
gas may be readily detected. 


Perhaps the best substance to be used near the tube is lead glass. It 
responds to most of the requirements, especially the important electrical ones. 
The writer showed last year at the June meeting of the Röntgen Society a 
protective box (see figure) which entirely surrounded the bulb of the tube 
and a considerable length of the limbs. This was achieved by assembling 
layers of lead glass, two, three or four layers thick. The ends were closed in 
the same manner, by cutting holes in the sheet of glass and dividing them each 
differently, one across the diameter and others above or below the diameter, 
i.e,, staggered—and this almost entirely prevented any axial leakage. Whilst 
there may be difficulty in getting lead glass of sav 2 cm. thick, to be equal to 
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3 mm. of lead, an approximate substitute may be obtained by using several 
sheets of our best lead glass—Chance’s. 


It is not beyond possibility to enclose the ends by glass—but it must be 
remembered that a 200,000 volt tube is not less than 30 inches long for a gas 
tube and 32 inches for a Coolidge. The enclosed tube must be held some 24 
inches clear of the column of the tube stand. Even then it may be necessary 
to put a stout ebonite tube over the metal column of the tube holder. There 
are two other dangers, perhaps remote, but both have occurred. (1) The 
danger of boiling water from a gas tube breaking during action. (2) The 
hot anti-cathode of a Coolidge tube breaking off and perhaps falling on to the 
patient. As in all probability gas tubes will be most gencrally employed, 
the hot water danger should be provided against. Air-cooling is sometimes 
needed for hot cathode tubes. 


This feature of heating again leads us to the desirability of avoiding lead 
rubber in close proximity to the Coolidge tube. The patient would be affected 
by the heat rays of the anti-cathode, were it not for the metal filters. It is on 
record that patients have accidentally received the unfiltered heterogeneous 
radiation and the heat rays as well, with fatal results. A very 
ingenious device exists to prevent such an accident, an unsuitable filter 
putting a relay in action. 


In building X-ray departments the ideal scheme would be to design and 
build detached Pavilions as many German hospitals have done. These are 
divided into three corridors—Apparatus—Patient—Control—respectively. 
However we in Britain must (at any rate for the present) do what we can with 
what we have. 

In such a Pavilion, we should concentrate our protective measures on 
the Zones of Control, by providing walls made of dense material, for example 
a framework, which would support several sheets of lead, one behind the 
other, separated by a material for absorbing the characteristic radiation of 
lead, such as 1 mm. of aluminium. Or a composition consisting of a barium salt 
(atomic number 56, as against Pb. 82) and a cheap binding material might be 
used to cover walls and floors. But whatever the material, if effective it 
will be heavy. 

A very suitable room is one which is partly detached and has no rooms 
above or below it. One would then only have to protect the operators by 
partitions constructed after the manner suggested. Where this plan is not 
available other measures of protection must be employed. 


To cover the floor, walls and ceiling of a room with sheet lead, is an expen- 
sive matter and is impracticable in many cases. Yet it is imperative to 
confine the radiation to the treatment room, otherwise the inhabitants of the 
neighbouring rooms will be unsuspectingly radiated. I was told of a 
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Continental hospital in which the small control animals were kept in the 
basement under the Radiological Clinic, and so great became the changes 
in their blood, that they had to be removed to a distant spot, as their value 
for control purposes was becoming worthless. 


In regard to protecting underlying rooms, the couch on which the patient 
is treated can be provided with side runners on which a board covered on 
both sides with lead, can slide under the patient. It must be earthed and 
must not be a fixture, because it is necessary to test with a screen where the 
radiation is coming through the patient. Directly under the couch a lead 
mat can be laid and earthed. It need not be heavy if the interceptor is 
used. 


A 14-inch brick wall is equal in protection to 2 mm. of lead. 
Plaster walls are not suitable for supporting lead, and diagonal frames in 
wood must be secured to the walls, and the lead sheet or other absorbent 
attached. The height of the lead must be decided by the conditions. If 
during treatment-hours persons are frequenting the adjacent rooms, then the 
lead should be continued to the ceiling, always remembering that the intensity 
is in inverse ratio to the square of the distance, and lighter lead may suffice 
above a height of 6 feet 6 inches. 


It is necessary to prevent as much as possible coronal discharges from the 
high-tension system, which give rise to nitrous fumes and ozone, both of which 
are harmful to human beings. This can be effected by using tubing in the 
place of wires ; aluminium tubing, 4-inch in diameter, smoothed and polished 
‘and terminating in aluminium or Paxolin balls equal to five times the cross 
section, is suitable. The usual tape connectors should be replaced by arc- 
lamp flex, which is plaited. All metal parts other than the high-tension trolley 
should be earthed, preferably to a common conductor. The room should be 
provided with an extraction fan, to renew the air. Even when air-cooling of 
Coolidge tubes is installed, extraction is desirable. 


The problem of protection is more complex in the case of a Coolidge tube 
than for a gas tube, as X-rays are emitted from every part of the Coolidge tube, 
including the limbs. A good device for partially absorbing the radiations 
which are emitted from the limbs, consists in enveloping the limbs with 
protective tubes 2} inch in diameter provided externally with ribs about 
every 3inches, into which are screwed cocus wood pegs, which, placed at 120°, 
radially secure the protective tubes to the glass limbs. The tubes are made 
from a paste containing barium sulphate, resin, chatterton and talc, and 
closed at the ends except for a }-inch hole to permit ingress of the connecting 
wires. The back of the tube may be covered with the same material, 
attached to the tube shield or box in some suitable manner. Such tubes when 
attached to a Standard Coolidge tube, enable voltages of 110,000 to 120,000 
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to be applied to the terminals and so bring the tube within the domain of 
deep seated therapy. These protective tubes can be used with advantage on 
the long X-ray tubes made for the higher voltages. 


Another point is the workers—blood tests of the personnel should be 
made at frequent intervals and one must be prepared with reserve staff, as it 
is not considered prudent to employ assistants more than eight months 
per annum. Finally the training of lay assistants is a very important matter 
and calls for the early creation of a Central Institute. At such an institution 
the many aspects could be focussed, instruments could be calibrated, standard 
values computed, and assistants trained. 


The significance of the following order, which appears ın large letters in a 
certain institution in Germany, illustrates the importance they attach to their 
standard tubes :— “ The Standard Tubes must on no account be removed 


from the Test Laboratory. They must only be used for calibration. Any 
other use is—STRENGSTENS VERBOTEN.” | 


Tue Lixcornsırr Hanvıcar AND X-Rays. We learn from the Daily Marl of March 
22nd, that Graneley. the horse which “ ran away with the Lincolnshire Handicap ” race owed 
his victory in part to the X-rays. For some time “ his general deportment and inexplicably 
poor show had pointed to some hidden mystery. ‘This was exposed by X-ray examination 
and found to be rheumatism. He was treated for it and is now all right, as his triumph in 
the * Lincoln’? demonstrated.” 


PETROLEUM Divininc.—A somewhat startling paragraph recently appeared in the Times, 
giving an account of petroleum “ divining ” of an extraordinary nature by means of laboratory 
experiments carried out in France. Dr. Henri Moineau and M. Regis have apparently been 
at work on an apparatus for which it is claimed that by “ harnessing Hertzian waves ” the 
composition of subterranean solid, liquid, and gaseous matter may be indicated, quite irres- 
pective of distance! Experiments are at present being carried out at the Puy du Dome, in 
the Clermont-Ferrand region, and already this mysterious apparatus has detected petroleum 
deposits in Alsace, Saxony, Hanover, Czecho-Slovakia, Italy, the Rocky Mountains, the 
Alleghany Mountains, and finally in the Andes. No account whatever is given of the nature 
of the apparatus itself, though it is suggested that X-ray photography plays an important 
role in the determinations, particularly in the elucidation of underground structures. It is 
further alleged that with the apparatus it is possible to discern, not only oil, but also coal, 
minerals, and water occurring in remote parts of the world, the idea being that once such 
occurrences are located all that is necessary as a preliminary to successful boring is an aerial 
reconnaissance for the purpose of taking “ X-ray photographs ” of the selected areas. 


AN X-Ray Pronger. The death has occurred at Port Glasgow, at the age of 73, of Mr. 
Matthew Blackwood, founder, and latterly principal partner in the business of Blackwood 
and Co., sawmillers. He was one of the pioncers in West Scotland of N-rav and electrical 
treatment, and supplied free his own apparatus and gave his services to hospitals in Glasgow, 
Greenock and Paisley. His own house was like a miniature hospital, and his advice was 
sought by medical men throughout the country. Mr. Blackwood was also a sportsman, 
and at the age of ṣo rowed in a patr-oared boat race at Port Glasgow. being defeated only 
in the last tew yards. 


Canavıan Raprorocıcar Socierv. The Third Annual Convention of the Canadian 
Radiological Society is to be held at Winnipeg, in conjunction with the Dominion Medical 
Convention on June 20-23. 
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THE EFFICIENCY OF THE BUCKY DIAPHRAGM 
PRINCIPLE. 


By R. B. WILSEY. 


(Communication No. 129 from the Research Laboratory of the Eastman Kodak 
Company). 


N the course of a general study of the scattering of X-rays under the con- 
| ditions of deep radiography, a considerable amount of data has been 
secured showing the large influence of scattered radiation upon radio- 
graphic quality. In radiographing through a water layer varying in depth 
from four to ten inches, the scattered radiation affecting the film was found 
to be from two and a half to eleven times as intense as the primary radiation.*. 
The relative intensity of scattering and primary radiation was but little affected 
by the tube voltage, the use of filters between scattering material] and the film, 
or the use of intensifying screens’. 

The scattered radiation reaching the film apparently differs so little in 
quality from the primary radiation that the only effective method of reducing 
its relative intensity is by means of diaphragms, which either limit the scat- 
tered radiation by restricting the volume of material rayed, or, as in the case 
of the Bucky diaphragm principle, prevent the scattered radiation once formed 
from reaching the film. Experiments by the first-named method, that of 
using cones or diaphragms between the X-ray tube and the scattering material, 
have shown that a greater improvement is possible in contrast and definition 
by a reduction of scattered radiation than by any other form of radiographic 
technique. Better contrast and definition mean more detail, and therefore 
more information upon which to base a diagnosis. Evidently a satisfactory 
solution of the problem of scattered radiation will give a greater improvement 
in radiographic quality than any other technical advance in prospect at the 
present time. 

The reduction of the intensity of scattered radiation by limiting the volume 
of the material rayed has only a limited application in practice on account of 
the small size of the radiographs possible by this method. The Bucky dia- 
phragm is free from this objection, and the modification devised by Dr. Potter 
also makes it possible to avoid the shadows of the diaphragm grids, a fault 
which made the original form of the Bucky diaphragm impractical. The 
Potter-Bucky diaphragm appears to be the only method now practicable for 
removing scattered radiation over the whole area of a large radiograph. It 
was therefore considered highly desirable to investigate by quantitative 
methods the efficiency and possibilitics of this apparatus and the effects of 
various factors entering into the design of the diaphragm grid. 

In this study two types of experiments were carried out, one consisting 
of measurements of the relative intensities of diffuse and focal radiation and 
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the other experiments upon definition. The term diffuse radiation is used 
here to include both scattered radiation and primary radiation from other 
parts of the tube than the focal spot, while focal radiation refers to primary 
radiation coming from the focal spot. 


The Experimental Method 

The Potter-Bucky diaphragm consists essentially of a series of metal 
strips whose horizontal directions are parallel and whose planes (projected) 
pass through the focal spot of the tube. A suitable mechanism moves the 
grid during the exposure in such a way as to prevent the shadows of the lead 
strips from showing in the radiograph. The space between each pair of metal 
strips forms a slit through which may pass the primary focal rays and scattered 
rays within a limited angle ; scattered rays coming from beyond this angle 
are largely absorbed by the metal strips. The conditions in each slit are 
duplicated in every other ; hence if the effectiveness of a single slit in reducing 
scattered radiation be determined, the result holds for the whole diaphragm 
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Fig. la. Diagram illustrating experimental Fig. Ib. Illustrating a complete Potter- 
method ; a disc of lead L is suspended Bucky grid for comparison with the 
over the tank of water and intercepts a single slit method of Fig. la. 


portion of the primary rays falling upon 

the film F through the slitS. The dotted 

lines show the angle within which 

scattered radiation may fall upon the film. 
The advantage of using a single slit in this investigation is that its dimensions 
can easily be varied as desired, whereas a complete grid would be rather 
troublesome to alter in studying the effects of any changes in its form and 
dimensions. 

The effective depth of such a single slit is the distance from its upper 
edge to the photographic surface, as illustrated in Fig. la. Such is not the 


case in a complete Bucky grid, as shown in Fig. 1b, where the effective depth 
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of the slit is the depth of the lead strips. If in the latter case the film were 
brought up into contact with the lower edge of the grid, the effectiveness of 
the grid in removing scattered radiation would not be changed ; the conditions 
in each slit would then be independent of those of every other slit and would 
be identical with the single slit arrangement as used in the present investigation. 

When the film itself is at the same level as the bottom of the slit, the 
definition will be slightly better than in the case where the film is below this 
level. Consequently in definition experiments with the single slit arrange- 
ment the results will be slightly more favourable than would be obtained with 
a complete grid as operated in practical radiography, assuming equal slit width 
and slit depth in the two cases. It will be apparent later that the definition 
obtained with a single slit should be identical with that given by a complete 
grid, provided that in these two cases there is the same distance between the 
scattering material and the film, and the same ratio of slit width to slit depth. 

Water contained in an aluminium tank 12 inches square was used as the 
scattering material. The bottom of the tank was of į inch aluminium and 
was curved in the form of a cylindrical surface having a radius of curvature of 
25 inches. The lead slit was formed by the bevelled edges of two lead plates, 
each $ inch thick and mounted on flat steel plates of the same thickness. The 
slit was 14 inches long and was located centrally under the tank. When 
necessary,another pair of lead plates was situated immediately over the film 
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Fig. 2. Reproduction of a film obtained for determination 
of ratio of diffuse to total radiation. 
holder to limit the area of film that could be exposed at one time. A small 
disc of-lead L, 4 inch in diameter and 4; inch thick was placed edge upward 
over the surface of the water in line with the slit and the focal spot (Fig. la). 
This intercepted a small portion of the primary rays and allowed only diffuse 
radiation to fall within its shadow on the film. Three such discs were 
suspended over the water at such distances that their shadows on the film were 


e 
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about two inches apart ; the X-ray image of each sht therefore contained three 
small areas affected by diffuse radiation only, while all other portions of the 
image received both the diffuse and the focal radiation. A series of varying 
exposures through the-sht were made upon an 8 X10 sheet of duplitized film. 
Fig. 2 shows a reproduction of such a film. A microphotometer was used to 
measure the densities on the film, and curves were plotted of the photometer 
reading against the exposure, both for the total radiation and for the purely 
diffuse radiation. From these curves were read the exposures required to 
produce equal densities by the diffuse and by the total radiation. The recip- 
rocal of the ratio of these exposures gave the ratio of the intensities of the 
two radiations. This ratio was determined for four or five density values on 
the curves for each film, and the final value for D/T the ratio of the diffuse to 
the total radiation, was taken as the mean from four or more films. The de- 
tails of this photographic method of evaluating relative X-ray intensities are 
the same as those described more fully in a previous paper. 1. 

All the determinations of the ratio D/T were made using a 6-inch depth of 
water, measured in the centre or deepest portion of the tank. The target-slit 
distance was 25 inches, the tube voltage 60 kilovolts (sphere-gap calibration), 
and the tube current 4 milliamperes. A radiator type Coolidge tube was used 
throughout the experiments. The films were developed in a tank of Elon- 
hydroquinone developer, and were kept in constant irregular motion to ensure 
uniformity of development over the whole area of the film. 


The Effect of the Bucky Diaphragm upon the Intensities of Scattered 
Radiation. | 

The first experiments were performed to determine the effect of the 
distance between scattering material and slit upon the proportion of scattered 
radiation reaching the film. It has been claimed that theoretically the Bucky 
diaphragm principle should show a maximum of efficiency in removing scat- 
tered radiation when the subject radiographed is at some distance from the grid. ¢ 

To test this conclusion, the ratio of diffuse to total radiation was measured 
with the tank of water at various distances up to one inch from the slit. The 
slit was 0-13 inch wide and 0-65 inch deep, giving a ratio of width to depth 
of 0.2. The values of D/T obtained at various distances between tank and slit 
are given in Table 1. : 

TABLE 1. 


Y:tfect of distance between scattering material and slit upon proportion of diffuse radiation 
reaching the film. Slit width 0-13 inch; sht depth 0°65 inch. 


Distance beincen Tank and Sht ın : om fen 
Ratio Ditfuse to Total Radiation D/T 


Inches. au 
() 0°40 
0:25 0°39 
0:50 0°40 
1°06 l 0:42 
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The variations in „are seen to be quite small, negligible for practical 


T 


purposes, and are of the same order of magnitude as the experimental errors. 
These data indicate no particular choice for the distance between slit and 
scattering material ; for the subsequent experiments a distance of 4 inch was 
arbitrarily determined upon for the distance between the slit and the bottom 
of the tank. 

The next experiments were carried out to determine the effects of slit 
width and slit depth upon the ratio of diffuse to total radiation. Three 
depths of slit were used, 0°37, 0-65 and 1-00 inch, and the slit widths varied 


from 0-044 to 0-43 inch. The values of T for the various conditions are 


recorded in the fourth column of Table 2. Column 5 of this table gives 


the values of 2 the ratio of diffuse to focal radiation, computed from the 


F 
D 
values of = by the relation 
D 2 
D T 
F | D 
L 
With no diaphragm or sht limiting the scattered radiation, the value of = 
T 
D 
was found to be 0-83 and the value of F 49. 
TABLE 2. 
Beau nen a nn 
Width of Slit DepthofSlit | Ratioof Width , Ratioof Diffuse | Ratio of Diffuse 
Ws Ds | to Depth of Slit į to Total Radia- to Focal 
| | tion, ı Radiation. 
| Ws D D 
| Ds T F 
0-044 — | 0:119 | 0:29 0:41 
0:085 0:37 | 0:230 | 0:43 0-76 
0-130 — 0:351 0:52 1:08 
0:043 — | 0:066 0:18 0:22 
0:085 = | 0:131 0:32 0:47 
0:130 0:65 0:200 | 0:40 0:67 
0:172 = | 0:264 | 0:45 0:82 
0:213 — 0:328 0:52 | 1-08 
0:298 — | 0-458 0:55 | 1-22 
0:085 = 0:085 0:22 0:28 
0:130 — 0:130 | 0°28 0°39 
0:213 1:00 i 0:213 | 0:43 0-75 
0:298 = 0:298 | 0:46 0:85 
0:346 | — 0:346 0:51 1:04 
0:432 — | 0:432 | 0°55 | 1:22 
j ‘ 
l i i 
D 


W: e ; 
T and in Fig. 4 = is plotted 
7 


. , Ws ZA : . 
against De The solid circles represent the values obtained with a slit depth 


In Fig. 3 the values of ~~ are plotted against 
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of 0-37 inch, the crosses are for the slit depth of 0-65 inch and the hollow circles 
for the slit depth of 1-00 inch. It will be noted that the points for all these 
slit depths follow the same curve ; in other words, the intensity of the scattered 
radiation is determined by the ratio of slit width to slit depth, but does not 
depend upon the actual size of the slit. 

The curve in Fig. 4 is nearly a straight line over most of its length, showing 
that the intensity of the diffuse radiation over a considerable range is practi- 


cally proportional to = that is, it 1s directly proportional to the slit width 


and inversely proportional to the slit depth. 
1.40 


Fig. 3. Curve showing ratio of diffuse to Fig. 4. Curve showing ratio of diffuse to 
total radiation as a function of the ratio focal radiation as a function of the ratio 
of sht width to slit depth. of slit width to slit depth. 


Fig. 5 shows the exposure factor plotted as a function of the ratio of slit 
width to slit depth. The exposure factor is the number by which the normal 
exposure must be multiplied to obtain the proper exposure when the dia- 
phragm removes some of the scattered radiation. The method of computing 
the exposure factor has been previously described.: 


The effictency of the Bucky diaphragm is defined as the fraction of the 
diffuse radiation which has been removed, as measured by the photographic 
surface. A diaphragm that removed all the diffuse radiation would be 100 
per cent. efficient. In radiographing through six inches of water with nothing 
to reduce the intensitv of the diffuse radiation, the diffuse radiation is 4-9 
times as intense as the focal radiation. If a diaphragm reduces the diffuse 
radiation to an intensity 0-49 times that of the focal radiation, whose inten- 
sity has not been changed thereby, then the diffuse radiation is 10 per cent. of 
its former value, 90 per cent. has been removed and we may therefore state 
that the efficiency of the diaphragm is 0:90. In radiographing through six 
inches of water the efficiency is given by the equation, 


APRIL, 1922. The Journal of the Rontgen Soctety. 83 


Fig. 6 shows the efficiency plotted against ratio of slit width to slit depth. 


In Table 3 are tabulated the values of exposure factor, and efficiency 


DD 
TF 
for several selected values of . ; these values are taken from the curves of 


Figures 3 to 6. These values illustrate the high efficiency of the Bucky dia- 


phragm ; for instance, a diaphragm for which A equals 0:30 removes 80 per 


Ds 
cent. of the diffuse radiation, when ai is 0-20, the efficiency is 86 per cent. 


Such ratios of slit width to slit depth are practicable, and they approximate 
to the values used in the present commercial models of the Potter-Bucky dia- 
phragm. Although such slit ratios allow considerable room for improvement, 
it is probably not advisable to use ratios much smaller than these in practice. 


T 2 | z= as 
Mattie tee SQ 
+\ TPR AREE 
| Sun“ 


i es 
INT Br De 
J le ge ae = 


W .30 
ms Bs 
D, 
Fig. 5. Curve showing exposure factor as a Fig. 6. Curve showing etficiency plotted 
function of the ratio of slit width to sht against the ratio of slit width to slit 
depth. depth. 


In a complete Bucky grid, the exposure factors given above must be 
increased to allow for the absorption of the filling material between the lead 
strips and for the area taken up by the thickness of the strips ; the effect of 
these will depend upon the design of the grid and may increase the exposure 
as much as 20 or 30 per cent. © 

It is of interest to compare the effectiveness of the Bucky diaphragm 
principle with the method of reducing scattered radiation by circular dia- 
phragms placed between the tube and the scattering material. This is done 


. . Ws : 
in the last column of Table 3, which gives for each value of Ds the image size 


produced by a circular diaphragm having the same efficiency as the Bucky 
diaphragm principle; these image size values were taken from the curves 
obtained in a further investigation.!. The table shows, for example, that a 
circular diaphragm allowing an image diameter of only 1-5 inches has the same 
efficiency in removing scattered radiation as a Bucky diaphragm with a slit 
ratio of 0-2. 
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TABLE 3. 
! | : Image Dia- 
Ratio Width Ratio Diffuse | Ratio Diffuse Exposure | Efficiency. meter for 
to Depth of to Total to Focal Factor nf equal Efh- 
Slit BE Radiation es Radiation D | ciency by 
ae F | | circular Dia- 
| phragm (ins.) 
0:10 0: 235 0:34 | 4°4 0:93 0°8 
0:15 0:33 0:50 3:9 0:90 1-1 
0:167 | 0°35 0:55 | 3:8 i 0:89 1-3 
0-20 | 0-39 0-65 3-5 0-86 1-5 
0°25 0°44 0-80 3:2 0:83 1°8 
0°30 i 0:48 0:94 3:0 0:80 2:2 
0:33 0:51 1:02 2'9 0:79 | 2:3 
0:40 0:54 1°16 2:7 0:76 2'6 


1 
! i ! | 


In making a PETN Bucky sei it has been found convenient to hold 
the lead strips in place by strips of wood ; the question arises as to the effect 
of the wood filler upon the efficiency of the diaphragm and whether it is worth 
while to try to avoid the use of such a filler. The effect of the wood strips 
was measured for three sizes of the sht. The strips were made of beech wood ; 
each one lacked 44 inch of being as deep as the slit in which its effect was 
measured ; this difference in depth was necessary to allow for the thickness 
of the cardboard cover of the film holder. The results of these experiments 


l D 
are recorded in Table 4; the fourth column of this table gives the value of T 


observed with the wood strip filling the slit ; the fifth column gives the value of 
D 
T for the empty slit as read from the curve of Fig. 3. The wood strips are 


seen to have only a small effect upon the proportion of diffuse radiation affect- 
ing the film; the largest effect observed is scarcely greater than the possible 
experimental error of its determination. 


TABLE 4. 
Effect of Wood Filler in Bucky Grid. 


— —— ee SS 


Slit Width Ws Slit Depth Ds Ws D with wood filler D for empty slit 
Ds T | T 
RE PEIEE E AES AE. -= o ee o aMi 
0:083 0:037 | 0:22 0:43 0:42 
0:13 0:65 0:20 0:42 | 0°39 
0:20 . 0:65 | 0°31 0:52 0:49 


Experiments on Definition. 

The effect of the Bucky diaphragm principle upon radiographic definition 
was studied with the aid of a set of copper wire gauzes, varying from 110 to 
280 meshes per inch. They had been gold-plated to increase their absorption 
of X-rays. These meshes were mounted together between cardboard in a 
single row so that the whole set could be radiographed through the slit at one 
time. For each set of conditions, this definition test object was radiographed 
in two positions, one directly in contact with the slit, and the other immersed 
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in the water at a distance of 14 inches above the slit. The exposures were 
adjusted to produce approximately the same density on the film in all the 
tests. The resulting radiographs were examined with a pocket magnifier 
giving a ten times magnification. The definition in any case was indicated by 
the finest mesh which could be resolved and was expressed in terms of meshes 
perinch. This definition test object gives a purely arbitrary scale of definition 
values, but it is very useful and convenient for comparing the definition 
obtainable under various conditions. The observations on the definition 
obtained with various dimensions of the slit are recorded in Table 5. In 
column four is given the distance between the scattering material and the 
film ; this is obtained by adding to the slit depth 0-06 inch, the distance of 
the tank above the set. Where the definition comes outside the limits of the 
test object, it is designated as > 280 (greater than 280) or < 110 (less than 
110). The conditions are the same as before ; the tube was operated at 60 
kilovolts, radiographing through a 6-inch depth of water with a target slit 
distance of 25 inches. The films were given a standard development of five 
minutes in a tank Elon-hydroquinone developer at 65 degrees F. 


TABLE 5. 
Effect of Dimensions of Sht upon Definition. 


| Definition 


| 
Slit Widthin |: Slit Depth in Ws Distance be: | — 
Inches Ws | Inches Ds Ds tween film and į Test Object ! Test Object 
| scattering on slit lt inches 
material | above Slit 
j 
0-20 0-22 | 0-26 | > 280 | 140 
0'044 0°37 | 0:12 | 0°43 > 280 135 
0:65 | 0:068 | 0-71 | 245 | 120 
1:00 0:044 ' 1°06 | 195 < 110 
| 
0°20 0°42 0°26 > 280 135 
0:085 0:37 - 0:23 0:43 > 280 130 
| 0°65 0°13 0:71 240 | 115 
1:00 0:085 | 1:06 185 | 110 
0°20 0°65 | 0:26 280 i 130 
0:130 0:37 | 0°35 0°43 > 280 125 
0°65 0:20 0:71 235 115 
1:00 0°13 1:06 180 | 110 
0°37 0°465 0°43 280 | 125 
0°172 0°65 0:265 0:71 230 115 
| 0°65 0°328 0:71 225 110 
0:213 1:00 | 0:213 1:06 195 aS 
| 
0°65 0:458 0:71 215 110 
0:298 1:00 0:298 1:06 170 — 
0:432 1:00 0:432 | 1-06 165 — 


The remarkable fact shown by these data is theloss in definition as the 
slit is deepened without changing its width. Increasing the depth of the slit 


@ 
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diminishes the intensity of diffuse radiation in nearly the same proportion, 
thereby improving the radiographic contrast, but the definition is poorer than 
before. The definition diminishes gradually with an increase in the width of 
the slit. As regards definition, therefore, the controlling factor is the distance 
of the film from the object radiographed ; to get the best definition the slit 
should be as shallow as possible, while at the same time a fairly efficient ratio 
of slit width to slit depth is maintained. 


In a practical Bucky grid the lead strips should not be brought too close 
together, or the thickness of the strips will form too large a proportion of the 
total area of the grid and absorb a large part of the focal rays. If now the 
grid is made shallow ın order to obtain the best possible definition, the ratio of 
slit width to slit depth will be somewhat larger than that consistent with the 
highest efficiency in removing scattered radiation ; thus some gain in contrast 
must be sacrificed in order to improve the definition. It is believed this ıs 
the better procedure, however, to make definition the first consideration. 
Any slit ratio within the range investigated will remove most of the scattered 
radiation and considerably enhance the contrast, and this combined with the 
best attainable definition should give the maximum efficiency in the depiction 
of fine detail. 


The factors in grid design which govern definition are the ratio of slit 
width to shit depth and the distance between the subject radiographed and the 
film, the latter factor being of the greater importance. In using Table 5 to 
estimate the definition given by any Potter-Bucky diaphragm, only these 
two factors (given in columns three and four) should be employed as specifving 
the essential characteristics of the grid. 


It is evident that in a complete working Bucky diaphragm there should 
be no waste space between the top cover and the grid or between the grid 
and the film. In order to obtain the same fine definition over the whole area 
of the radiograph the cassette should conform to the curvature of the grid 
thus bringing all parts of the film as close as possible to the subject. The 
curved cassette has been recommended by Dr. Van Allen,® who finds that it 
reduces both the distortion and the fuzzy appearance (poor definition) which 
are characteristic of objects distant from the film. 


Some tests were also made of the definition attainable by the ordinary 
technique with no reduction of the scattered radiation; and a few experi- 
ments were carricd out to determine the definition obtained with a circular 
diaphragm placed above the scattering material as compared with the de- 
finition given by the Bucky diaphragm ; in these tests the film was placed 
directly beneath the tank ; otherwise the conditions were the same as those 
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employed in the tests of the Bucky diaphragm principle. The results of these 
tests are given in Table 6. 


TABLE 6. 

Effect of Circular Diaphragm above Scattering Material in Improving Definition. 
| Definition. nn 
Image Diameter in Inches. | Test Object on Film Holder. Test Object 14 inches above 
| Film. 
25 225 | 120 
4:5 | 280 140 
3°0 


| > 280 145 


i a a n a a 


Upon comparing the data of Table 5 with those of Table 6, it will be noted 
that in every case where the film is 1-06 inch below the scattering material, 
the definition is poorer than that obtained by the ordinary technique with no 
precautions against scattered radiation. Such a diaphragm is of no benefit 
in radiographing through a layer six inches in depth; the thickness would have 
to be somewhat greater than six inches to make the use of the diaphragm ad- 
vantageous. With the film 0:71 inch below the scattering material, a slit 


_,. gw e ; . 
ratio (5) of 0-26 gave a definition nearly equivalent to that of the ordinary 


technique. Such a diaphragm would be advantageous in radiographing 
through a thickness of six inches on account of the improvement in contrast, 
even though it gave no improvement in definition. Smaller slit ratios at the 
0-71 inch distance (between scattering material and film) gave somewhat 
better definition than the ordinary technique. In every case where the film 
was less than 0-43 inch below the scattering material, better definition was 
obtained than by the ordinary technique, considerable improvement being 
produced by the smallest slits. 


It will also be noted that a circular diaphragm limiting the image diameter 
to 3 inches gives slightly better definition than was obtained with the smallest 
slit used. It is evident that on account of the distance between the subject 
radiographed and the film, the Bucky diaphragm principle is not as effective 
in improving definition as it is in improving contrast; by reducing the 
thickness of the grid so that the distance between subject and film can be 
made as small as possible, the Bucky diaphragm can be made to produce a 
considerable improvement in definition, as well as a marked increase in contrast. 


A few simple tests were made to determine whether a crossed grid of the 
original Bucky type would give any radical improvement over the slit type 
devised by Potter. A single element of such a grid was duplicated by blocking 
up most of the slit with strips of lead, leaving only a small square hole for 
the passage of X-rays. The definitions obtained in these experiments are 
recorded in Table 7. 
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TABLE 7. 
Definition 
Dimensions of grid unit | Test object on slit. Test object 14 inches above slit. 
~ 0°05 inch square by 0°20 adele ne a er 
inch deep. | > 280 | 145 
0°08 inch square by 0°37 
inch deep. | > 280 140 


The definition obtained in these tests is only shghtly better than that 
obtained with a long slit of equal depth and approximately equal width. 
In view of the mechanical difficulties of making a crossed grid of the original 
Bucky type (resembling a honeycomb) so designed and moved that it would 
not show shadows of the grid, it seems that the shght advantage to be gained 
is scarcely worth the cost. The most promising and practical procedure would 
be to push the Potter type of grid to the limit of its effectiveness. 

A few experiments in definition were made with a 4-inch thickness of 
water as the scattering material. With the film 0-43 inch below the tank of 
water, a slit ratio of 0-24 gave practically the same definition as the ordinary 
technique. Keeping the slit width the same (0'088 inch) the distance between 
scattering material and film was reduced to 0:26 inch; this produced an 
appreciable improvement in the definition; the slit ratio in this case was 
0-44--a smaller slit ratio than this would doubtless be feasible in a thin Bucky 
grid, and it would improve both the definition and contrast in radiographs of 
thicknesses as small as 4 inches. 

In studying the effect of the wood filler upon definition, the data shown 
in Table 8 were obtained. The wood was found to have only a slight effect ; 
in the small slits, which were found to give the best definition, the effect of the 
wood filler is practically negligible. 


TABLE 8. 
Effect of Wood Filler upon Definition. 
| Definition with Wood | 
Slit Slit w | Filler. Definition without Filler. 


Width Depth = Test Object Test Object | Test Object | Test Object 
Ws Ds | Ds on Shit. Il in. above on Slit. | It in. above 
Ben aii esd | slit. = nu slit. 
0-083 0:37 : 0°22 280 135 > 280 135 
0-15 0:37 0:41 280 125 > 280 | 125 
| 
0:079 0:65 0°12 240 120 245 120 
0:13 0°65 | 0°20 230 115 235 115 
0:20 0°65 0:31 215 110 225 110 
0:27 0:65 0:42 205 l 110 215 110 


The thickness of the lead strips should be such as to absorb nearly all of 
the scattered rays incident upon them: the minimum thickness of lead 
required to do this has not been determined, but it is hoped that experiments 
to be carricd out later will give some information on this point. The data of 
Richtmver on absorption should be of considerable assistance in estimating 
the proper thickness of the lead strips.* 

The increased exposure required by the Bucky diaphragm makes the 
use of intensifving screens necessary in most cases. In order to secure the 
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fullest advantages of the improvement afforded by the diaphragm, the screens 
used with it should have the best possible definition, and the requisite pre- 
cautions should be taken to ensure good contact between the screens and the 
films. 

In this study of the Bucky diaphragm principle, no attempt has been made 
to deal with the mechanical features of the Bucky diaphragm. A well-designed 
mechanism for operating the diaphragm is as essential as an efficient grid for 
‘the production of satisfactory radiographs. There is opportunity for much 
ingenuity in devising a mechanism which gives a smooth uniform motion to 
the grid and which can be operated with a minimum of attention on the part 
of the radiologist or technician. 

Summary 

Using a 6-inch depth of water as the scattering material the efficiency of 
the Bucky diaphragm in removing scattered radiation has been measured for 
a variety of widths and depths of slit. The intensity of diffuse radiation was 
found to be a function of the ratio of slit width to slit depth, not depending 
upon the actual size of the slit. The Bucky diaphragm was found to be highly 
efficient,it being easily possible to remove more than 80 per cent. of the scattered 
radiation. The wood filler used to support the lead strips has only a slight 
effect upon the efficiency of the diaphragm ; for small sizes of slit its influence 
is practically negligible. 

The definition obtainable with the Bucky diaphragm depends chiefly on 
the distance between the subject radiographed and the film ; by making this 
distance sufficiently small the Bucky diaphragm can be made to give a con- 
siderable improvement in definition over the ordinary technique, and can be 
used with advantage in radiographing thicknesses as small as four inches. 

The crossed grid of the original Bucky type (resembling a honey-comb) 
gives very little advantage over the Potter type of grid with the same depth 
of slit; it is concluded that the best practical improvement of the Bucky 
diaphragm lies in pushing the Potter type of grid to the limit of its effectiveness. 
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Etude Géométrique des Transformations Birationnelles et des Courbes 
Planes, by Henri Malet (Gauthier Villars, 1921), 259 pp., 111 figs. 32 fr. net. 

This work is devoted to a geometrical study of birational transformations 
and algebraic curves. Exacting refinements of proof are not to be expected, 
but the volume provides a useful introduction for those who wish to make 
a first acquaintance with the more modern aspects of geometry. A pre- 
liminary section, which deals with fundamental concepts, is followed by a 
chapter on birational transformations between singly infinite aggregates of 
elements. The properties of anharmonic ratios and involutions are detailed, 
and cases of correspondence are cited, with special reference to conie sections. 

In the chapter which follows, the principles are extended to some cases of 
simple plane transformations. The author then turns to a more detailed 
treatment of plane curves, and develops their fundamental properties with 
reference to degree, class and genus. The cubic curve is taken in illustration. 
Subsequent chapters are devoted to the theory of general birational trans- 
formations and simple rational correspondences. 

The references given are neither numerous nor representative. In a work 
of this nature the fact that comprehensive contributions to geometrical science 
from Italy and Germany escape notice, is perhaps no very serious omission ; 
but by setting special stress upon the outstanding profusion of his French 
references, the author is liable to be convicted of insularity. The volume— 


like many others—suffers in value owing to the omission of an index. R.A.F. 
* * * * 


Messrs. Macmillan announce the forthcoming publication of The Dic- 
tionary of Applied Physics, edited by Sir Richard Glazebrook. The Dictionary 
is arranged in five volumes at £3 3s Od. net each, or £14 14s. Od. for the five 
volumes. The several volumes are arranged on a subject basis, and the lists 
of the subjects and contributors can be obtained from the publishers. 
We notice that Sir Wm. Bragg writes on “Electron Theory,” Dr. F. W. 
Aston on “ Positive Rays,” Dr. J. A. Crowther on “ X-rays,” Dr. G.W. C. 
Kaye on “ Radiology” and Dr. E. A. Owen on “ Radium.” 


aK * * * 


Ether ou Relativite. By Maurice Gaudiller. Paris: Gauthier-Villars. 
pp. xiv. +84. Price 4 fr. 50. 

It is no doubt permissible at present to preserve an attitude of philosophic 
doubt towards the principle of relativity ; but it is not convincing, as evidence 
against its acceptance, to declare, in the same breath, that you do not under- 
stand it and that it is contrary to common sense. This little book is not, 
as the title might lead one to suppose, a comparative discussion of the classical 
Ether theory and of relativity. It offers a new “ Ethérique ” or science of the 
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Ether, an Ether “ which has no relationship with that which is often called the 
ether of Maxwell”; the author tells us that he has completed the study of 
this ether, but a full account of his work would require a large volume and 
much time. His immediate purpose is to demolish the theory of relativity : 
hence the production in advance of the small volume, which may well be left 
to the judgment of its readers. F.J.S 


* x * * 


Amongst the volumes announced for early publication by Messrs. J. and 
A. Churchill is The Principles of Radiology, by Dr. J. A. Crowther, University 
Lecturer at Cambridge in Physics Applied to Medical Radiology; it will 
contain fifty-five illustrations, and deals with the physical side of the subject. 


* * * * 


Messrs. Chapman & Hall announce the forthcoming publication of X-rays 
and their Industrial Applications, by Dr. G. W. C. Kaye, Head of the Radiology 
Department at the National Physical Laboratory. 


* * * * 


L’Ether Actuel et ses Precurseurs. By E. M. Lémeray. Paris: Gauthier- 
Villars, pp. ix+141. 


This may be described as a sinple account of the ideas which-have been 
associated, since early times, with extra-terrestrial space. We are reminded 
how in earlier historical times the «ther, or air, was connected with the con- 
ception of life, spiritus, anima, the spiritual or immaterial as opposed to the 
material. In the second chapter we pass to the Days of Galileo and Otto de 
Guericke, when experiment first led to the conclusion that air had weight, 
and then, with Huyghens, to the notion of an immaterial ether as the medium 
through which light-waves travelled. This was associated with the difficulty 
that was felt in concerning action at a distance, and the attempts to find an 
explanation of the Newtonian theory of gravitation. After a description of 
the ideas of phlogiston and caloric, followed by the recognition of the equiva- 
lence of heat and work, we come to the modern conceptions of the ether, as 
developed by Young, Fresnel, Faraday, Maxwell, Hertz. Finally a short 
discussion is given of the relation to ether theory of the developments due to 
Lorentz and Einstein. M. Lémeray concludes that we are driven to the 
abandonment of the idea of an ether. to which, however, we tend to cling by 
hereditary predisposition, as did our ancestors to the ether of their conception. 
He points out also that modern theories of molecular structure appear to 
reintroduce the notion of action at a distance. 


The book is written for the general reader, not for the physicist, and its 


interest is mainly historical. 
F.J.S. 
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La Théorie de la Relativite, et ses applications à l Astronomie. By Emile 
Picard. Gauthier Villars, pp. 27. 


This ıs a reprint of an article written for the Annuaire du Bureau des 
Longitudes for the year 1922. It gives an admirable brief account of the 
restricted and general Einstein theories and of their application to the three 
well-known problems, the motion of the perihelion of mercury; the deviation 
of light in passing the sun, and the displacement towards the red of the solar 
spectrum. In view of its purpose, and the limitation of space thereby imposed, 
it is necessarily confined to the most concise indication possible of the main 
ideas and results of the theory as required for the astronomical applications, 
but even those most familiar with the theory will find of interest the manner 
in which its essentials are here stated. F.J.S. 


* x me * 


Engineering Instruments and Meters, by Edgar A. Griffiths, 360 pp., 348 
figs. Price 31/6. George Routledge & Sons, 68, Carter Lane, E.C.4. 


The aım of the volume under review, which is dedicated to Sir Richard 
Glazebrook, is to give a concise account of the various appliances which have 
been devised for the measurement of some of the fundamental quantities of 
mechanical science. 

A preliminary survey impresses on us one notable feature, and that is 
that no laboratory instrument is so delicate or complicated that it cannot be 
developed into a robust instrument if the need for it occurs in the industries. 


The author classifies instruments according to their uses, and successive 
chapters deal with instruments designed for the measurement of length, area, 
volume, velocity, force, work and temperature. The book opens with a brief 
history of the primary standards of the nation. Then follows an account of 
the discovery of the 36 per cent. nickel-steel alloy, known as Invar, by 
Guillaume, which has revolutionized the technique of survey work. 

Instruments for the measurement of area include various forms of plani- 
meters and some of the machines described are very novel in character. In- 
struments for the measurement of volume are numerous and varied enough to 
require a chapter of 92 pages. 

The interests of the author have found full scope in the chapter dealing 
with instruments for the measurement of velocity. The principal types of 
revolution-counters or tachometers are described. One cannot but admire the 
ingenuity displayed by inventors in utilising the most diverse physical pheno- 
mena as the basis of speed-measuring apphances. 

A point open to criticism is the index, which is inadequate. The 
illustrations are numerous, many of them are good, but in a few cases they are 
marred by amateurish lettering. The method of bunching together the 
references at the end of each chapter, without detailed indication as to their 
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association with the text, isnotone which we hope will be generally followed. 
The author is to be congratulated on the ability with which he has con- 
ducted an impartial survey of modern engineering instruments. We are of 
opinion that the book will prove of great utility to many workers. It is note- 

worthy in dealing with a field where there is a total absence of literature. 
G.W.C.K. 


* x Æ * 


Essai d’Optique sur la Gradation de la Lumiére. By Pierre Bouguer. (Gau- 
thiers-Villars, Paris), pp. xx+129. Price 3 fr. 


The name of Pierre Bouguer (b. 1698) is best known for his determinations 
(1725-1729) of the relative intensity of the light received from the sun and the 
moon, and of the proportion of light absorbed in traversing the Earth’s atmos- 
phere. He concluded that the illumination due to the sun was about 300,000 
times that received from the full moon, the measurements being made for 
equal altitudes of the sun and moon. Bouguer’s figure for the absorption in 
the atmosphere of light from the zenith was ‘188. Later measurements have 
given ‘157, at Cairo, and '209, at Oxford. 


Bouguer’s results are given in this “ Essai,” here reprinted. His method 
appears to have been to compare directly the photometric intensities of the 
light from two different sources, or the intensities of the illumination produced 
by them on a flat surface. He discusses at length the reduction light under- 
goes when traversing an absorbing medium, and gives the law for a homo- 
geneous medium, that the difference of the logarıthms of the intensities is 
proportional to the distance traversed. He extends his calculations with 
much ingenuity, to a medium composed of parallel layers of different density 
and to the determination of the absorption in the atmosphere for different 
altitudes of the star or other body observed. 


Bouguer produced a number of works on various problems of navigation, 
as well as on the figure of the earth and astronomical questions. The invention 
of the heliometer, for measuring the diameter of the sun and of the planets, 
is attributed to him. At the age of fifteen he was already lecturing on mathe- 


matics and navigation. He died at the age of sixty, in 1758. 
F..]:>. 
* * * * 
La Matière et l’ Energie, selon la théorie de la relativité et la théorie des 
quanta. By Louis Rougier (Gauthiers-Villars, Paris, 1921). New edition, 
pp. xi. + 112. Price 9 fr. 50. 


There are no doubt still many who will welcome a clear and reasoned 
statement, not overlaid with mathematical detail, of the changes in funda- 
mental physical conceptions which have been introduced by the relativity 
and quantium theories. Mr. Rougier tells us that this little book, which has 
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now reached a second edition (under a modilied title) was written by a * philo- 
sophé ’—a lover of knowledge—who wished to see clearly and to put his ideas 
in order ; others who are trying to see clearly will find much help ın the very 
successful outcome of his efforts. M. Rougier is essentially the philosopher, 
whose desire is to make clear in his own mind his conceptions de natura rerum, 
rather than the physicist or mathematician giving an exposition of new devclop- 
ments of science. The attitude of mind is one which makes an immediate 
appeal to the reader, and we imagine there is none, even among those who are 
most familiar with the new ideas, who will not find in this volume much that is 
stimulating as an aid to thought and as an index to future developments. 

The main thesis of the book is to show the essential unity of matter and 
energy, as opposed to the duality of the older philosophy. In maintaining his 
thesis, M. Rougier is led to discard the ether with a definiteness perhaps beyond 
that of most writers—with the notable exception of Dr. Norman Campbell— 
impelled, partly, it would seem, by the desire of logical completeness, beyond 
even his own scientific convictions, to the temporary ignoring of the difficulties 
which still remain to be overcome before certain phenomena of which the ether . 
theory gave so satisfying an explanation can be entirely reconciled with a 
quantum structure of energy. The conclusions can thus be stated, always for 
the definite purpose of clarity of thought— without the qualifications which 
would for the moment confuse the issue :—* In discarding the ether we are 
led to a quite different theory : that of the materialization of energy. Energy 
emerges from the phantom domain of the imponderable and takes substance ; 
it appears as endowed with inertia, weight and structure, and manifests itself 
under two forms, matter and radiation. 

Radiation is a form of energy which is no longer regarded as propagated 
by waves in a hypothetical medium. but as expelled in discrete units in a space 
void of matter, with the uniform speed of light. It also possesses inertia, 
weight and structure. The identity of its fundamental properties with those 
of matter permits an explanation of its action on matter.....The old meta- 
physical problem of the action of the imponderable on the ponderable, of force 
on matter, which presented itself anew in the most modern and most insistent 
form in regard to the pressure of radiation, disappears henceforth as a pseudo- 
problem.” 

The preceding is given as a quotation, though in reality an abridged 
translation of some of the final paragraphs, because it is a direct reproduction 
of the writer’s conclusions. The logical steps of the argument, throughout 
the book, are set out with admirable lucidity, the use of symbols and formule 
is limited to an irreducible minimum, and it is undoubtedly a work to be read 
and digested by all those who take an interest in the modern advance in 
scientific conceptions with which it deals. A brief but useful bibliography 
Is appended to it. Fedo: 
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CORRESPONDENCE 
The Editor, The Journal of the Röntgen Soctety. 


GERMAN-MADE X-RAY APPARATUS. 
Dear Sir— 


A brief survey of your advertisement pages discloses the unpleasant fact 
that the Medical Profession are already patronizing German manufacturers by 
purchasing X-ray and Electro-Medical Apparatus of German origin, in parti- 
cular equipments for deep therapy treatment. 

As equally good, if not superior, apparatusis manufactured in this country, 
there is no excuse for purchasing these appliances from our late enemies. 

There are nearly 2,000,000 unemployed in this country, and it is, therefore, 
everyone’s duty to assist in stimulating Home industries rather than those of 
Germany. We wonder whether those who place their orders abroad appreciate 
the inevitable result of their action. | 

If adequate support is not forthcoming for the British manufacturer, he 
obviously cannot continue and will gradually cease to construct British 
X-ray and Electro-Medical Apparatus and seek the easier and possibly more 
remunerative path of representing a foreign house and so satisfy the demands 
of the English Medical Profession. 


A MANDFACTURER OF BRITISH APPARATUS. 
London, 


14th February, 1922. 


RanıoLocy ın Cuina.—We learn that the Shantung Christian University, Tsinau, 
Shantung, has recently opened an X-ray and Electro-therapeutic Department, with Dr. J. 
Stanley Ellis in charge. Some one hundred and fifty medical students are taking the course 
in Radiology and Electro-therapy. Evidently China is not lagging greatly behind this country. 

Fincer Prints By X-rays.—An improved method in taking finger prints by X-rays 
was developed last year by Dr. H. Béclére. The process consists in rubbing the ends of the 
fingers with some salt, such as bismuth-carbonate, which is opaque to X-rays. On being 
X-rayed a photograph of the finger-tip, like an ink thumb-print, is obtained, only with much 
greater accuracy ; and it is capable of being enlarged with greater precision for examination. 
Moreover, the X-ray photograph shows the bones, which vary slightly in different individuals, 
fingers, and the internal shape of the nails, which is also a varying characteristic. Thus each 
photograph contains matter for identification in three different ways. 

STOLEN RINGS REVEALED BY X-RAYS.—The recovery of stolen rings by means of X-rays 
was recently described at Rochester Bench, when a woman was charged with being 
concerned in robberies of rings at Bethnal Green, Rochester, and Chatham. The Chief 
Constable stated that with her consent the woman had been X-rayed at Rochester Hospital. 
The examination revealed two rings in the stomach. The X-ray photograph showed the rings 
distinctly, even to the settings. The Chief Constable added that the rings had since been 
recovered. | 

An interesting point is raised as to the legality or otherwise of the procedure. A well- 
known barrister told a Daily Chronicle representative that the English police have no power 
to compel an unconvicted prisoner to undergo an X-ray examination, but if the prisoner 
consented it could be done, and the result could be used as evidence. “* Every prisoner is 
searched on arrest, but the police are not entitled, unless the consent of the prisoner is 
obtained, to take fingerprints or photographs,” he said. “ The same rule would apply in 
the case of X-ray examination as in the case of a photograph.” 
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X-RAYS AND CRIME IN Inpta.—A criminal trial, just concluded in an Indian court, pre- 
sents many curious features unique in police records (writes the Calcutta correspondent of the 
Daily News). The accused in the case numbered thirty-five. They were charged with being 
members of a gang constituted for the purpose of habitually committing robbery, and it 
transpired during the hearing that they were really members of a secret criminal society with 
a secret code, its own peculiar methods of work, and some very extraordinary superstitions. 

The Crown Prosecutor said that the accused were charged with committing about forty 
robberies at various places round and about Bombay. They were Hindus, and lived in small 
huts of bamboo and rags which they put up in fields or on the side of rivers. Their children 
were taught to steal from their childhood, and their wives spied out suitable houses for dacoity. 
In distributing the proceeds of robberies they gave two shares to the chief and set apart a 
share for the wives of those who were arrested, or for the widows of those members of the 
gang who had died. They had also a secret code which only the members of the gang under- 
stood. The women were taught to swallow ornaments and retain them for a considerable 
time. ‘There were seven women in the case, and one of them had swallowed seven or eight 
“ tolas ” (about 15 oz.) of gold bangles which had been flattened out. One woman retained 
such ornaments for fifteen days. The discovery was made by means of X-rays. The accused 
were all sent to prison for long sentences. 

Lost Rapium.—We learn from the Daily Express that Dr. W. F. Faison, of Jersey City, 
U.S.A., after using in an operation some tubes of powdered radium, each valued af {1,500, 
accidentally put one among the patient’s bandages in the waste-paper basket, whence it was 
thrown into the cellar-furnace and burned in the usual course. 

Twelve hours later Dr. Faison remembered what he had done, and frantic search led 
eventually to the furnace. The now cold ashes were raked out on the cellar floor, the cellar 
was rendered pitch-dark, and the ashes were sprinkled inch by inch with zinc sulphide, which 
has the property of becoming phosphorescent in contact with radium. A dull gleam revealed 
the presence of the radium, unharmed. 

X-RAYS AND Diamonps.—We are informed by the /sle of Man Weekly Times that the 
X-rays play an important part in detecting the remarkable tricks which are resorted to by the 
native diamond miners in the great Kimberley diamond region in South Africa and other parts 
of the world. So great has the temptation often become to steal diamonds, especially when 
an extra large one may have been suddenly unearthed, that these natives have been known 
to resort to the most unbelievable tactics in order to carry the diamonds out of the mine. 

One of the most successful schemes of detection involves the use of a powerful X-ray 
machine having several X-ray bulbs excited simultaneously. As each miner passes before the 
X-ray bulbs, the examiner looks through his fluoroscope and rapidly swings it up and down, 
so as to take in the entire body in a few seconds. This system quickly detects the presence 
of a diamond, no matter whether it is buried in the flesh, resting in a throat cavity, or even 
in the stomach. | 

The logical question arises, how can the X-ray detect the presence of a diamond inside’ 
the body ; especially when it may be temporarily lodged by the clever thief in proximity 
to large or fairly large bone structures ? This is easily answered by a perusal of the table 
showing the various transparencies of different materials under the X-ray. It has been found that 
the diamond has a different transparency from any ordinary materials, including the bone and 
flesh of the body, which might happen to be in proximity to it at the time of such an examination. 

X-Ray Comepy.—We record as an example of what is not infrequently met with in 
hospital work, an incident which recently occurred at Salford Royal Hospital, when a man 
twenty-six years of age, employed in a brewery, hurried in to explain that he had swallowed 
a set ot eight false teeth in his sleep. He was quite sure the teeth had been swallowed, and 
complained of severe pain in his throat, where he thought they had lodged. The symptoms 
supported this idea, and the man appeared to be in genuine pain. 

Immediate examination of the gullet proved fruitless, and the patient was hurried off to 
the X-ray room. where several doctors and the X-ray specialist endeavoured to discover 
the missing tecth. Half-an-hour’s search failed to locate any foreign body, and an opaque 
meal of bismuth was administered as a test for the presence of an obstruction. Six X-ray 
photographs were produced, and there was still no sign of the teeth. 

Then the X-rays specialist suggested that a messenger be sent to the man’s home asking 
for a thorough search to be made. The messenger returned triumphant. The teeth had been 
found in the patient’s bed. 
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X-RAY TREATMENT OF CANCER. 


At a recent meeting at Oxford of the Oxford Medical Society a paper on recent 
advances in the X-ray treatment of cancer was read by Dr. H. K. Ward, who last 
July had had the opportunity of seeing the work being done at the Universitats Frauenklinik, 
Erlangen, Bavarıa. He gave a brief description of the technique elaborated by Professors 
Seitz and Wintz, at Erlangen, the principles on which it was built up, and the results obtained 
by it in the treatment of fibromyomata and malignant disease. 


Dr. Ward said that Professor Wintz, although not the first worker in this field, had made 
a number of improvements both in the apparatus used and in the measurement of X-rays. 
The apparatus was a powerful one, consisting of two coils, and giving a 16-in. parallel spark 
gap. The X-ray tube had an ingenious mechanism which automatically kept the vacuum 
constant, and it was claimed that, working with very high-tension currents, this tube lasted 
longer on the average than the Coolidge tube. Professor Wintz early discarded the Kienbock 
strip and the Sabouraud pastille for measuring X-rays, the former as unreliable for rays of 
different hardness, the latter as not giving sufficiently accurate gradations. He then developed 
the iontoquantimeter, invented originally for this purpose by two Frenchmen, Villard and 
Szilard, and had used this method ever since. 


Professors Seitz and Wintz had laid down what they call the optimum therapeutic dose 
for various diseases. If the erythema dose was called Ioo per cent., the dose that the ovaries 
must receive to sterilize the patient was 34 per cent., the dose to kill carcinoma cells—the 
so-called carcinoma dose—was go to 110 per cent.; the sarcoma dose was 80 per cent., and 
so on. It was stated that if carcinoma cells received 40 per cent. they were stimulated and 
grew faster than ever. If the rectum received 135 per cent. a severe diarrhoea resulted, and 
if the intestine received 150 per cent. it would ulcerate and perhaps perforate. The figures 
might not be quite accurate; indeed, other workers did not entirely agree with them, but 
it was at any rate the right method of tackling the subject, if controlled by accurate measure- 
ment of the rays. It aimed at giving a definite dose in a definite region, and had introduced 
a much more scientific method of X-ray therapy than had obtained in the past. The above 
figures at once stimulated the X-ray worker to elaborate new techniques to bring these doses 
to bear on diseased tissues, and limited him in other directions because of the destruction of 
normal tissues. | 


In the treatment of fibromyomata the Erlangen technique was to sterilize the patient 
by giving each ovary 34 per cent. of an erythema dose. The hemorrhage soon ceased, but 
the tumour only began to shrink some months after the treatment. There appeared to be 
very few contra-indications, and, according to the authors, even accompanying tubal inflam- 
mations subsided in time. It was interesting to note that, if a dose of approximately 28 per 
cent. be given the ovaries, a temporary sterilization often resulted—that is, menstruation 
ceased for some months, to return again later, the explanation being that the more mature 
Graafian follicles succumbed, but the immature follicles were more resistant and survived. 


The Erlangen school had had more experience with the treatment of cancer of the cervix 
uteri than with any other cancer. They began by combining radium with the X-rays in the 
treatment of this cancer, but later discarded radium as unnecessary. They concentrated 
six erythema doses upon the cervix, using three ports of entry in front and three behind. Un- 
less great care was taken, the rectum lying just behind the uterus would receive a dosage 
which was often sufficient to excite a very severe diarrhoea. For another reason no more 
than six erythema doses should be given at one sitting ; the blood even with this dose suffered 
considerably, showing notably a destruction of red cells and lymphocytes. However, the blood 
recovered in six weeks’ time unless the disease was far advanced, with pronounced cachexia 
and anemia. In these cases the blood never recovered, and the patients invariably died. 


They devised a technique which they called the Röntgen-Wertheim, in memory of the 
two men on whose work it was ultimately founded. This technique was carried out as follows : 
(1) Treatment of the cervix uteri with six erythema doses concentrated on the cervix uteri. 
(2) Treatment of the parametria. This could not be carried out at once, because six erythema 
doses is a very severe dose of X-rays from which the blood alone takes some weeks to recover. 
The authors had fixed on six weeks as the interval which must elapse before a second set of 
six erythema doses was given to one parametrium. As before, three ports of entry were used 
in front and three behind, all concentrated on the parametrium. After another six weeks’ 
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interval the other parametrium was treated in a similar fashion. The results with this technique 
had been extremely promising so far, and the authors claimed a very much larger percentage 
of successes than with any other known form of treatment. Indeed, they said that cure was 
almost certain if the disease was not too far advanced. Naturally they did not claim to be 
able to cure cases with metastases and profound cachexia and anemia. Their experience of 
cancer of the breast was limited. Here the problem was a different one. Instead of a cen- 
trally situated tumour which could be approached from all sides there was a tumour lying 
close underneath the skin whose base was at most 3 to 5 cm. below the skin. If the breast 
was poorly developed it was impossible to use even two ports of entry, because the two bundles 
of rays would cross just beneath the skin, and the tissues would be burned. The axillary 
glands were, of course, treated as well, and given the carcinoma dose. No actual results had 
been published, but they were understood to be quite promising. The same could be said 
for carcinoma of the vulva. In this case the technique was the same as in a cancer in a poorly 
developed breast. In cancer of the stomach the results were not very promising; it was 
indeed as unfavourable a form of cancer to treat with X-rays as it was by operation. It was 
often diagnosed only late in the disease, when there were already metastases in the liver. 
Another complication was that the tumour itself was generally quite close beneath the skin, 
while the glands lay deeper. The results were not good, but were understood to be improving 
as more experience was gained. 


With regard to the treatment of sarcoma, the problem was at the same time simpler and 
not so simple. A sarcoma formed metastases by way of the blood stream, and might, while 
still quite small, have already given rise to metastases in the lungs. Carcinoma, on the other 
hand, spread more slowly by the lymph channels, and its extension was held up temporarily 
by the lymph glands, so that it remained local for some considerable time, thus lending itself 
to local treatment by X-rays. The disappearance of the main sarcomatous tumour might 
be dramatic after X-ray treatment, but there might be already formed metastases in distant 
organs, which were beyond treatment. Nevertheless, Seitz and Wintz were of opinion that 
the prognosis in fairly small sarcomata was on the whole favourable. - 


In Dr. Ward’s opinion, credit was not so much due to Krönig, Friedrich, Seitz, Wintz 
and other workers for the powerful apparatus which they had devised—though this was a 
considerable factor in their success—as it was for their introduction of proper scientific methods 
into the problems connected with the dosage of X-rays. First, the actual measurement of 
the rays with an accurate instrument, then the measurement of the percentage deep dose at 
various depths, and the study of the various ways in which this percentage deep dose could 
be increased ; then the estimation of the optimum therapeutic dose in different diseases which 
should be aimed at ; and lastly, the various techniques devised in order to get that dose where 
it was wanted without seriously injuring the normal tissues; and among these techniques 
the Röntgen-Wertheim technique invented by Seitz and Wintz stood out as the most pro- 
mising and successful. A note of warning should be added. This method of carcinoma 
therapy was such an extensive one, the therapeutic dose was so near the dangerous dose, that 
unless the X-ray worker had an intimate knowledge of the apparatus, the technique and the 
principles on which it was based, more harm than good might result. This was unfair to the 
patient, as it was to the method of treatment. 


Dr. W. J. Turrell took a more pessimistic view of the future of X-rays in the treatment 
of cancer. He said that uterine cancer was less resistant to X-rays than certain skin cancers, 
and this was the explanation of the more favourable results obtained. He spoke in favour 
of divided doses, and thought the Röntgen-Wertheim technique for uterine cancer much 
too risky, on account of the danger to the intestines and the general reaction produced. He 
put in a plea for the development of methods to sensitize the cancer cells, so that they would 
be killed by smaller doses of X-rays. 


Tue Institute oF Puysics. EXAMINATIONS FOR AssociaTESHIP, 1922.—Notice is 
given that the Institute will hold its Examination of Candidates for the Associateship 
in London at the latter end of September, 1922. Applications for entry must be received 
before June ısth, 1922. Forms of application can be had from the Secretary, Institute of 
Physics, 10, Essex Street, London, W.C.2. The Institute is now prepared to register Students. 
Registration forms will be sent on application. 
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PROCEEDINGS OF THE RÖNTGEN SOCIETY. 


A GENERAL MEETING of the Society was held at the Institution of Electrical Engineers, 
Victoria Embankment, W.C.2., on Tuesday, February 7th, 1922, at 8-15 p.m., the President, 
Prof. J. W. Nicholson, F.R.S., in the chaır. 

_ After the election of new members (below) the following papers were read and the apparatus 
demonstrated :— 
() “A New High-Tension Generator for X-ray and other work.” 
By W. H. Wilson, M.I.E.E. 
(ii) “ The Canny Ryall Portable Diathermy Apparatus.” 
“The lonostat.” 
“The Radiological Ionometer.”’ 


“A New X-ray Protective Material.” By Howard C. Head, M.I.E.E. 
(iii) “ The Taylor Jones Electrostatic Oscillograph. id 

“A New Design of Gold Leaf Electroscope.” By H. E. Donnithorne. 
(iv.) “A New Boiling-Water X-ray Tube.” By Cuthbert Andrews. 
(v) “ Diathermy Apparatus.” By F. R. Butt & Co., Ltd. 
(vi.) “A New Model of X-ray Table. By E. E. Burnside, A.M.I.E.E. 
(vii) “A New Automatic Osmo-Regulator.” By A. E. Dean, F.Inst.P. 


A GENERAL MEETING of the Society was held at the Institution of Electrical Engineers, 
Victoria Embankment, W.C.z, on Tuesday, March 7th, 1922, at 8-15 p.m., the President, 
Prof. J. W. Nicholson, F.R.S., in the chair. 

After the election of new members (below) the following papers were read and the apparatus 
demonstrated :— 

(i.) ‘* Comparisons Beech the Therapeutic, Photographic and Ionization Effects of Ultra- 

Violet and of Beta Radiations.” By L. H. Clark, B.Sc., and B. D. Watters, B.Sc., 

Physics Department, Middlesex Hospital. 
(ii.) “ Apparatus for deep X-ray Therapy,” followed by a demonstration. 
By E. E. Burnside, A.M.LE.E. 


NEW MEMBERS. 
February 7th, 1922. 


Norman Booker, go, Torriano Avenue, London, N.W.5. 
Proposed by Robert Knox, seconded by Geoffrey Pearce. 
Howard Butler Gough, 1, Barrow Road, Streatham Common, London, $.W.16. 
Proposed by G. W. C. Kaye, seconded by W. F. Higgins. . 
Maurice R. J. Hayes, F.R.C.S.1., 35, Upper Fitzwilliam Street, Dublin. 
Proposed by Russell J. Reynolds, seconded by E. A. Owen. 
Harold Pealing, M.Sc., Royal Arsenal, Woolwich, London, S.E. 18. 
. Proposed by D. E. Thomas, seconded by W. J. Wiltshire. 
J. Thompson Stevens, M.D., 55, Park Street, Montclair, N.J., U.S.A. 
Proposed by H. Clyde Snook, seconded by Montford Morrison. 
March 7th, 1922. 
William Angwin Edwards, M.B., Ch.M., “ Craiguish,” Macquarie Street, Sydney, N.S.W., 
Australia. 


Proposed by J. G. Edwards, seconded by J. S. Trainor. 
NEW PATENTS. 


Abridgments of recent Patent Specifications bearing upon the subject of X-rays and Allied 
Phenomena.—Compiled for publication by H. T. P. Gee, Patent Agent, Associate I.E.E. ; 
Staple House, 51-52, Chancery Lane, London, W .C.2. 

170,546. Electron discharge apparatus ; Röntgen-ray apparatus. Brırısu Tuomson-Houston 
Co., Lro., 83, Cannon Street, London.—(Assignees of Kearsley, W.K. 1408, Albany Street, 
Schenectady, New York, U.S.A.) April 4, 1921. Convention date, Oct. 22, 1920. A Röntgen- 
ray or other electron discharge tube has means, controlled by the current passing through 
the tube, for regu‘ating the electron emission from the cathode so as to produce a desired 
discharge, for instance, a constant emission with a varying supply voltage. For this purpose, 
the insertion of a resistance 14, Fig. 1, in series with the cathode § and the secondary of a 
transformer II, is controlled by a make and break switch Ig operated by an electro-magnet 
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FIG.S. 
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17, the winding of which is in series with the secondary of a transformer 2 supplying current 
through the tube. An increase in the supply voltage causes the electro-magnet 17 to open 
the switch and insert the resistance 14. A condenser 22 is connected across the switch. A 
variable resistance 12 is connected in series with the primary of the transformer 11. Ina 
modification, Fig. 5, a variable resistance 26 is joined in series with the primary of a trans- 
former 27. A rectifier 29, controlling the connexion of two secondaries 35, 36 with the anode 
and cathode, is driven by a synchronous motor 30, the winding of the electro-magnet 17, 
controlling the inserting the resistance 14 in series with the primary of the cathode-heating 
transformer 11. being connected between the two secondaries. 


171,378. Electric discharge devices. NAAMLOOZE VENNOOTSCHAP PHıLips’ GLOEI- 
LAMPENFABRIEKEN, Eindhoven, Holland. Nov. 3, 1921. Convention date, Nov. 10, 1920. 


The electrodes of a rectifier or other discharge tube are made of different materials so 
chosen that the pressure necessary to produce a discharge is different in opposite directions. 
The cathode 2 may be of magnesium and the anode 3 of iron. A shield 4 of mica or metal 
may be mounted between the electrodes to prevent disintegration from one electrode to the 
other. The tube may contain argon or other rare gas. 


173,238. Röntgen-ray tubes. WerstincHousE Lamp Co., Bloomfield, New Jersey, U.S.A. 
(Assignees of Marden, F. W., 2116, Braddock Avenue, Swissvale and Rentschler, H.C., 1249, 
Murdock Street, Pittsburg, both in Pennsylvania, U.S.A.) Dec. 21, 1921. Convention date, 
Dec. 21, 1920. An anti-cathode is made of pure coherent uranium or thorium, or an alloy 
thereof, prepared by slowly heating these substances or their salts, oxides or hydrides in 
powder form in a high vacuum, high frequency, induction furnace, having a very close coupling 
between the primary and secondary. The furnace is of the type described in Specification 
172,961. The powder is moulded to form a dish or pellet, and is placed in a crucible or on a 
sheet of molybdenum or tungsten, which is inserted in a closely wound primary coil in the 
evacuated chamber of the furnace, secondary currents being induced in the crucible or sheet. 
The tube may contain an inert gas, such as argon or helium. 
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EDITORIAL NOTES 


Sir Alfred Pearce Gould. 


The Society has to mourn the loss of Sir Alfred Pearce Gould, K.C.V.O., 
C.B.E., a Past President of the Society, who died on April 20th at Ashburton 
at the age of seventy. He will long be remembered, not only as a distinguished 
surgeon, but for his work in connection with cancer, work largely centred at 
the Cancer Research Department of the Middlesex Hospital. He was one 
of the earliest advocates of radium treatment. 

The Society was represented at the Memorial Service in the Regent’s 
Park Baptist: Chapel on April 25th. There was a large congregation at the 
service, which was of great dignity and simplicity. The address was given 
by the Bishop of Croydon, the benediction being pronounced by the Bishop 
of Willesden. 


Our New President. 


The Society is to be congratulated on its new President. Sir Humphry 
Rolleston has long and honourable associations with medicine. He is known 
to our members as President of the Royal College of Physicians and as a Past 
President of the Royal Society of Medicine. His recent work as Chairman 
of the X-ray and Radium Protection Committee is fresh in our recollections. 
The Society has every cause to look forward to a memorable year of office, 
which happily coincides with the “silver wedding ” of the Society. We 
believe the Society will wish to celebrate in some suitable fashion during the 
coming session the 25th anniversary of its foundation in 1897. The New 
Session opens on November 7th, and it is probable that the Manchester 
meeting, postponed from last vear, will be held soon afterwards. 


Congress of Radiology. 

The Congress of Radiology and Physiotherapy organized by the Electro- 
therapeutics Section of the Royal Society of Medicine and the British Associa- 
tion for the Advancement of Radiology and Physiotherapy, was held at the 
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House of the Royal Society of Medicine on June 6-10, 1922, under the Presi- 
dency of Sir Humphry Rolleston, K.C.B. The Congress proved to be a 
great success. The meetings were well attended and the several social functions 
served admirably to bring together more closely the Belgian, French and 
British members. The promoters of the Congress must have been gratified 
at the way British radiologists foregathered for a common object. There 
was an admirable exhibition of the products of British X-ray manufacturers 
at Surrey House. 


Overdue Subscriptions. 

The Council has for some time been confronted with the vexed problem 
of members who are overdue with their subscriptions and who remain deaf to 
the periodic appeals of the Treasurer. Ever since its inauguration the Society 
has been fortunate in avoiding much difficulty on this score, and in accordance 
with the spirit of camaraderte which has always prevailed in the Society, 
liberal latitude has been given to tardy members. But latterly the evil has 
grown to an embarrassing extent and in the interests of the Society the Council 
is now compelled to come into line with the practice common to the majority 
of societies and cut off the Journal in the case of members who are notably 
overdue with their subscriptions. In future, members whose subscriptions 
are more than six months in arrears and who still wish to receive the publica- 
tions of the Society, may restore the privilege by the simple act of forwarding 
overdue payments to the Treasurer. 

In the case of members more than twelve months in arrears with sub- 
scriptions, it is the Council’s intention to resort, however reluctantly, to the 
powers conferred on them by Rule 13 (a) of the Society. which permits the 
expulsion of any member so offending. 


Royat PuotocrapHic Socirry.—The Sixty-Seventh Annual Exhibition of the Royal 
Photographic Society will be held trom Sept. 18th to Oct. 28th, at 35, Russell Square, W.C.1. 

The Honorary Fellowship has been conferred on Dr. G. H. Rodman, on his completing 
his second year as president. 

CooLipcE Tuse Resrarcu.—The Research Department at Woolwich Arsenal has 
recently undertaken an investigation to ascertain the cause of the rapid decrease in output 
of the radiator type of Coolidge tube when continuously operated with a constant filament 
current. The problem becomes important when this type of tube is used in an X-ray outfit 
designed for constant routine examination of large quantities of articles, when it is usually 
desirable so to simplify the system of control that the whole operation may be carried out 
by comparatively unskilled labour in workshops. The investigation has shown that the 
surface-charge theory does not account for the diminution in current through the tube, and 
the experiments suggest that this phenomenon is due to the liberation of gas, probably from 
the copper, causing a reduction of electron emission as observed by Langmuir. The remedy 
for the trouble is to prevent this liberation of gas, which is the result of a rise of temperature 
of the copper anticathode, the rate of heating being more rapid than the rate at which the 
heat can be conducted along the copper red to the radiator cooling fins. The problem, 
therefore, resolves itself into that of providing adequate cooling of the anticathode. 
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MAGNETISM AND THE ETHER. 
By Sir OLIVER LopcE, F.R.S. 


(Being the Fifth Silvanus Thompson Memorial Lecture, 
March 21, 1922). 


| PROPOSE to divide this lecture into three unequal parts :— 


I. Silvanus Thompson, 

First, I will briefly refer to the man in whose honour these lectures 
are established. As a systematic strenuous worker in science he had few 
equals. And his was no selfish aim, he was keenly interested in the work of 
others, and was in consequence a trustworthy historian of science. As a 
learned historian, acquainted with the pioneer work of the past and with the 
steps which led up to a given result, he was specially competent ; and indeed 
few weeks now pass without his loss being lamented for this very reason. 
Time and again I find myself saying, and I sometimes hear others say, “ If 
only S.P.T. were still alive.” I rejoice that you have perpetuated his name 
by endowing this series of lectures in his honour. He belonged to many 
societies, but as first President of the Röntgen Society he took the greatest 
interest in it and was always at its service. This is natural, for his main 
subjects were, I suppose, Optics and Electricity, and the science of radio- 
activity includes both. : 

His aptitudes and powers, however, were very various, he could make 
pictures as well as books, and I have been told that he was a real artist. His 
many-sided interests have been well brought out in the excellent Life published 
by his wife and daughter, but what impressed me more than anything was his 
extraordinary industry and thoroughness, the systematic way in which he 
ordered his knowledge, and the scrupulous pertinacity which he exercised to 
work out even a seemingly trivial detail. His unselfish interest in the work 
of others and his desire to see justice done to old and forgotten explorers, his 
enthusiasm for pioneer work in the past and his literary skill in presenting 
it to the present, all combine to make him highly appreciated as an authority 
in science ; and men of even higher standing than his own have been less missed. 

It so happens that we were born in the same month, he a week later than 
myself. The year 1851 was rather notable, for G. F. FitzGerald was born 
in August of that year, that is to say, about two months later; so that he 
was the youngest as well as the most brilliant of the three, but alas! he died 
at the early age of forty-nine. Schuster was born that year also, one month 
later than FitzGerald ; and there may be some others ın that year, though 
Larmor, Poynting, J. J. Thomson, and even Glazebrook, are comparative 
juveniles. 
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2. The Röntgen Society. 

As this ıs the first time I have addressed the Röntgen Society, which did 
me the honour of making me an Honorary Member along with Sir William 
Crookes in its earliest days, I propose to say a few words about its subject. 
It is a borderland subject, having links both with Physics and with Medicine, 
and having important applications in both regions of natural knowledge. It 
is to be wished that there were more study of borderlands generally, for it is 
probable that the ground there is quite fruitful; though the cultivators are 
few, because few have the knowledge necessary, or at least few are equally 
competent on both sides of the boundary, so that the neutral strip lying between 
two cultivated areas is liable to be left deserted. 

However the subject has now developed, there is no doubt that it began 
with Physics ; and in the early days the services of physicists were requisitioned 
by medical practitioners, especially for surgical cases in hospitals. I myself 
was called in repeatedly in this way, and my first photograph of a small bullet 
in a boy’s wrist was published in The Lancet. It was by no means a good 
photograph, but we had to make the whole of the apparatus ourselves in those 
days, and there was then no focus-tube such as was shortly afterwards intro- 
duced by Sir Herbert Jackson. Ultimately Röntgen tubes became purchas- 
able, and my junior assistant was taken over by the Liverpool Infirmary to 
help Dr. Thurstan Holland and other medical men ; indeed Thurstan Holland 
had worked at the subject on his own account and made himself an authority. 
The actual dealing with patients was very interesting to a physicist, who felt 
for the first time, perhaps, that his science was of some direct human use, and 
one rather envied the men whose daily work consisted in helping humanity. 

One little episode I remember, of rather later date, because of the enthu- 
siasm of Sir William Thomson (either then or soon afterwards Lord Kelvin). 
It was during the meeting of the British Association at Liverpool. A child 
was brought to my laboratory by Mr. Bickersteth, the surgeon, while Lord 
Kelvin was there. The boy was supposed to have swallowed a halfpenny, 
but no probe could feel it. We sat him on a table, and a fluorescent screen 
showed the halfpenny upright in his throat, so that for the present it made 
no obstruction. Lord Kelvin was staying with the Bickersteths, in Rodney 
Street, and had the pleasure of having the halfpenny handed to him at lunch 
that same day, a special barbed probe having been rapidly constructed by 
Mr. Bickersteth, junior, for the purpose. 

So much interest was felt at that time in the application, not only of rays 
but of high frequency and many other kinds of electrification, to medicine, 
that I gave a course of six lectures in the University to medical practitioners. 
They were very largely attended ; medical men came from different parts of 
England and Wales to hear them, or rather to see the demonstrations and the 
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apparatus, for I was then in the midst of high-frequency experiments of all 
kinds, such as I had begun in the year 1888 in connection with lightning 
conductors and the early stages of what is now known as wireless telegraphy. 

I should be sorry to have to give such a course now. There was a time 
when I thought I would try to keep abreast of the subject of radio-activity, 
and make a collection of everything published in connection with it ; but the 
task was hopeless, the science has gone ahead in every direction and I have 
lagged behind. But the birth of radio-activity I well remember. Its con- 
ception may be said to date from the year 1879, when Sir William Crookes 
gave his beautiful demonstrations of the powers and properties of what we 
now know as cathode rays, and spoke with inspiration about “ matter in a 
fourth state ”—“ radiant matter,” or what we now call flying electrons. 
Then came Röntgen’s brilliant discovery, made by means of what happened 
to be a specially-highly-exhausted Crookes’ tube, wherewith he noticed results 
which had been almost obtained, but narrowly missed, by several others. 
Among those who missed it was probably Crookes himself, and also Schuster, 
and Frederick Smith of Oxford, who, I remember, told me that, having found 
that Crookes’ tubes were liable to fog a box of photographic plates, gave 
instructions to his assistant to keep such plates carefully out of the way when 
working with vacuum tubes! A lamentable mistake, such as anyone may 
make when absorbed in one subject and not ready to follow up a clue in some 
other direction. 

Becquerel’s discovery of spontaneous radio-activity was made by accept- 
ing such a clue when it offered itself. And Madame Curie’s immortal discovery 
was again of that order; because she took advantage of the hint which a 
certain ore of uranium gave her when she was measuring, for her thesis, the 
radio-activity of all manner of minerals. The working out of the hint, and 
the extraction of a few grains of a new element from two tons of refractory 
and unpromising material, is I suppose one of the most brilliant pieces of 
chemical work in recent times. | 

And so we come down to the discoveries of Thomson and Rutherford 
and Bragg, who are happily still at the height of their powers. And on the 
medical side we have the fine localizing and other delicate instruments of 
Mackenzie Davidson, and the self-sacrificing heroic work of Hall Edwards 
and several others. I speak only of those with whom I have been brought 
into personal contact. The knowledge of members of this Society on medical 
topics is much greater than my own. 

It is a pleasure to be lecturing under the presidency of Prof. Nicholson, 
whose ‘address last year I have read. I was glad to see that he emphasized 
the desirability of specification in terms of wave length or frequency. It was 
a long time before we were sure whether X-rays had any wave length ; and 
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many were the speculations as to their nature. I myself tried to see if they 
could be polarized, and also tried to measure their wave length by inter- 
ference, but no grating was fine enough for the purpose, and reflection at a 
prism face was ineffectual. So were prisms, however used. Helmholtz’s 
remarkable theory of dispersion, long ago, had shown that, as wave length 
decreased, the refrangibility which at first rapidly increased ultimately diminished 
again, so that a complete spectrum would be folded back upon itself, and 
an infinitely short wave would suffer no refraction at all. Hence we were not 
dismayed by the refusal of a prism to show anything, but concluded that the 
waves must be exceedingly short ; as indeed they are. Short though they are, 
however, they have yielded up their secret to the brilliant investigations of 
Laue and Bragg and others, who confronted them with the molecular discon- 
tinuities in a crystal, a structure fine enough to cope even with X-rays ; and 
thus we have been led to some of the most fruitful developments of modern 
physics. The counting of the electrons in the constitution of the atom was 
accomplished by Moseley, not to mention much splendid work by living people, 
and thus the secret of the Mendelejeff Series has been to a considerable extent 
discovered. | 


3. Magnetism. 


It is about time I began on “ Magnetism and the Ether.” The first 
thing that I have to say about magnetism is that you cannot generate it. 
You can generate heat, and light, and sound, but not electricity, or magnetism, 
or matter. No one expects to be able to generate matter; not that it is 
hopelessly impossible to imagine, but that it has never been done, and the 
doing of it would be a great discovery. People did think at one time that 
they could generate electricity, but we know now that they can only set it in 
motion or re-arrange it, just as if electricity were a form of matter. Many 
still think that they can generate magnetism, and certainly they can make 
any number of magnets, but always by aid of an initial magnet. So also they 
can generate as many oaks or currant-bushes or chickens as they like, but 
there is no life without antecedent life. Any twig cut off a currant or goose- 
berry bush will develop into another bush, but it cannot be generated de novo. 
The specific germ of life has to pre-exist, and then an acorn can produce in 
time a whole forest of oaks ; showing that life is a thing sur generis, and not 
a form of energy, for there is no conservation about it. It is nothing like 
energy and cannot be converted into any other form. It must have pre- 
existed and be brought into interaction with matter. 

So also with magnetism. It is always passed on. And the energy 
belonging to it has to be supplied by the mechanical or chemical arrangement 
which has apparently produced it. In the case of life the energy is supplied 
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by food; in the case of magnetism, by the muscular or other action which 
withdrew the magnet from the generating field. 

But, it may be said, “ What about an electromagnet ? Surely that 
is generated by an electric current.” I admit that an electric current can be 
generated, by the process of setting electrons in motion; but the evidence 
goes to show that the magnetism which accompanies an electric current 1s 
something pre-existing in the ether, and is not called into being out of nothing. 
Heat, light and sound are forms of energy. Magnetism is no more a form of 
energy than is electricity or life. Magnetization may be called a form of 
energy ; so may electrification. 

How then are we to visualize the act of magnetization, say, when a piece 
of iron is magnetized ? I say that the act consists in opening out molecular 
magnetic loops which are already in existence. They are like rings swelling 
sideways. You cannot cut them or get at their ends, as you can cut a loop 
of string. They are more like indiarubber bands which can be stretched, 
stretched without limit ; so that, instead of being shut up into an ultra- 
microscopic space, they swell out so as to enclose a considerable region. ‘The 
lines of force of an active magnet envelop a large area, and when the magnetism 
is destroyed or suppressed, the loops do not cease to be, they merely shrink, 
so as to enclose a smaller and smaller area as the magnetism dies away ; and 
they remain, ready to be swollen out again when the magnetism is re-excited. 

4. The Ether. 

Matter is not necessary for a magnetic field. You can magnetize a 
vacuum. Air has nothing to do with it. But iron and other magnetic sub- 
stances have a large number of such loops ın their own constitution, so that 
when these are opened out they add themselves to the loops which exist 
independently of matter, and thus produce a stronger field for a given magneto- 
motive force. But such extra loops are not essential, for nothing has yet 
shown that an equally strong magnetic field cannot be produced in emptv 


space, —that is in the ether,—if a sufficiently strong current is available. 
And indeed the field surrounding the equator of a rapidly moving electron is 
of prodigious intensity, estimated as 10:5 c.g.s. units for an electron moving 
at one-thirtieth of the speed of light. This intensity of field is still greater 
as the velocity of light 1s approached ; and then there does seem to come a 
limit, when the resources of the ether are exhausted, so that it becomes 
impossible to make an electron move at more than the speed of light. 

Besides these tremendous circular fields there are the loops which can be 
opened out in the process of magnetization ; but even when opened out the 
loops themselves remain closed curves, passing right through the core of the 
magnet and never terminating on its surface in the wav that electric lines 


of force terminate. 
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An electric current is also continuous and circuital ; but when the current 
stops, the portion inside a conductor ceases to be, and the residual lines of 
electrostatic-strain stretch only from one conductor to another, through 
the intervening insulating region; their terminations being what we know 
as opposite electric charges. And these opposite charges can be moved apart 
from each other and neutralized, in a way that does not happen with North 
and South magnetism. North and South magnetic poles cannot be separated 
from each other. If a magnet is cut, you get two magnets. The lines are 
found to have threaded through the material, and you only expose the poles 
which were already there. The poles, in fact, are what we observe when a 
magnetic line of force passes from one medium into another. We observe 
that also with electric lines, but in the interior of a conductor the electric lines 
have ceased to be. That is not so with magnetic lines. They are necessarily 
and always closed complete curves. 

A current loop and a magnetic loop are always correlated, they are linked 
together and one seems to be just like the other. We know that there is 
circulation round the one. There may be circulation round the other. But 
there is this difference : the current circuit can be cut, and when the current 
stops the circulation stops dead,—stops in its tracks,—leaving, if any residue 
at all, an electrostatic field between the cut ends; but the magnetic loop 
behaves differently. When the generating current strengthens, it expands ; 
when the generating current weakens, it contracts ; and when the generating 
current stops, the magnetic loop shrinks into nothingness ; .not into nothing, 
but so as to enclose only an infinitesimal and therefore imperceptible area. 
The Amperian circuits remain, to be opened out afresh when occasion arises ; 
and these circuits, though they exist in matter, exist also in empty space ; so 
that primanly magnetism ıs an affair of the Ether. 


5. Possible Circulation. 


Now when we find a circuit necessarily and always closed, there is an 
obvious possibility that something is circulating round it. We know some- 
thing of what is circulating in an electric current ; we do not know what is 
circulating in a magnetic loop. The theory of Sir Joseph Larmor and others, 
which has some kinship with the vortex theory, postulates that in all proba- 
bility the ether of space is the thing that is circulating ; for the ether, although 
absolutely stationary as regards locomotion, and stationary also with respect 
to every mechanical activity, need not be rotationally stationary. It may be 
capable of spin, in closed circuits, though it never seems to move from place 
to place; it may go round and round like a vortex. And many facts, in 
Electricity and Magnetism and Light, suggest that this hypothetical circulation 
has some foundation ın reality. 
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The electric properties of the ether suggest something akin to elasticity. 
The magnetic properties of the ether suggest something akin to inertia. And, 
by the interaction of these two properties, wave propagation is rendered 
possible ; whereas except for those two properties no wave propagation could 
occur. The two properties of the ether, though at present unknown, are 
designated by the letters X and a. One is the electrostatic property, and the 
other is the magnetic property. They are quite fundamental and universal, 
and it is a great mistake to ignore them or to consider that either of them may 
legitimately be called unity ; except for practical purposes, to cover our 
ignorance until we know something about them. Maxwell showed how to 
determine their product. He proved, for the first time, that the reciprocal 
of their geometric mean was the velocity of light. That is all we really know 
for certain about them. It is highly desirable to know more ; and, by keeping 
them constantly in mind, it may be hoped that the present or some future 
generation will devise an experiment whereby their ratio or some other function 
of them can be determined ; in which case we shall know both, and begin 
to have a real science of the Ether of space. 

Or it may be that an experiment can be devised capable of measuring 
either of them separately, which would serve equally well, for then the other 
would of course be known. At present we know neither their nature nor their 
value, but we can make hypotheses ; and on the strength of a working hypo- 
thesis we can try experiments to see whether any result can be got. The 
working hypothesis on which I proceed is to suppose that what the mathema- 
ticians have thought likely is true, and that there is a slow etherial circulation 
or flow along the lines in a magnetic field,—a flow which cannot be excited or 
stopped, but which can be opened out so as to be made perceptible,—the flow 
being no longer in infinitesimal orbits but in orbits of considerable size, so that 
a beam of light may be sent along or against the flow and a measurement be 
made to see whether the light is accelerated or retarded. 


6 


I have spoken of the circulation as “slow,” for so I think it is, in any 
practicable magnetic field: that is because of the enormous density of the 
ether. The rate of flow would have to be estimated from a knowledge of this 
density, and of the energy of the magnetic field; for the energy of the flow, 
and the energy of the magnetic field, would be one and the same. 

Now the energy of any given magnetic field can be easily calculated ; 
hence, if we know the density, we know the rate of flow. Or, if we can experi- 
mentally measure the rate of flow, we can thereby determine the density of 
the ether, or of whatever it is that is flowing. 

Nowadays it is becoming customary or fashionable in a few quarters to 
doubt the existence of the ether of space, and to suppose that Einstein has 
exploded it. ‚That is contrary to the truth ; and, so far as I know, no great 
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authority on Relativity really supposes that; certainly Einstein does not 
himself, nor does Eddington. On the contrary, Einstein’s discovery, linking 
gravitation with light for the first time, strengthens the position of the ether. 
For light has always been known to be an etherial phenomenon, involving 
everything that is requisite for wave propagation,—in light, of course, I 
include X-rays,—and Einstein has now linked gravitation with the ether too, 
since he has connected it with the phenomenon of light. 

Hence Relativity, though it uses different language and need not mention 
either ether or matter, really strengthens the position of those who hold that 
a medium is necessary for the propagation of activity from place to place. 
What is called “ Action ” essentially involves continuity and a medium. 

Admittedly, however, a flow of ether along lines of magnetic force is a 
working hypothesis, not yet justified however by any clear demonstration 
or crucial experiment. 


6. Idea of a special experiment on Ether circulation. 


Many years ago, in fact during the nineties of last century, I myself 
made an elaborate experiment secking to determine the speed of the hypo- 
thetical magnetic flow, and thus reach a lower limit to the density of the ether. 
I could have detected a flow of a foot a second, in the strongest magnetic 
field I was then able to produce without iron and over a considerable length. 
But, in subsequent years, and finally in 1907, I made estimates of the probable 
density of the ether, which, if they are considered justified, would prove that 
the flow I was looking for was vastly slower than anything I could then hope 
to detect. I would have had to find something of the order of a few inches an 
hour, less than a snail’s crawl—a glacier-like speed ; a thing very difficult to 
compare experimentally with the velocity of light. An experiment on these 
lines therefore is almost hopeless,—almost but not quite. I think that with 
refined experimental skill and unlimited material resources it might be done, 
and I wish to make an appeal to Prof. Michelson, at the University of Chicago, 
to undertake such an experiment. It is known that he has the experimental 
skill ; and so, no doubt, have some others ; but I know no one save in America 
who can be said to have any approach to unlimited material resources. And 
undoubtedly the experiment would be expensive. 

Meanwhile I propose to give to this Society some account of my own 
attempt, for it has never been properly published ; indeed recently Larmor 
has urged me to make it better known, since though negative he regards it as 
important so far as it went. Negative experiments alwavs seem disappoint- 
ing, but occasionally they turn out very important. I need only instance 
Michelson and Morley’s great experiment on Ether-flow near the earth. The 
result was negative, but it was the basis of the FitzGerald-Lorentz contraction. 
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and has been made the foundation for the mathematical Theory of Relativity. 
I emphasize this, because it is really a remarkable consequence to follow from 
a negative result ; meaning by a negative result not anything vague or inde- 
finite, but a definite answer, nought or zero, to a question as to the value of 
something. 

If, however, a positive ether flow could be demonstrated by sending 
light along the lines of a magnetic field, the consequences would be enormous. 
Our knowledge of the Ether would increase by leaps and bounds. The energy 
which has been hidden away in its internal ultramicroscopic or rather infra- 
atomic finely-grained motions would be displayed, and this energy would be 
found to be of an order altogether overpowering the energy locked up in the 
atom ; for it is as much greater than any atomic energy as that atomic energy 
is greater than those sources on which we now depend, such as water power 
and the combustion of coal. 

All our energy comes, even now, through the ether from the sun; but it 
has had a material origin or source, in the solar orb, and it may have been 
excited by the atomic—as distinct from molecular—processes there going on. 
In that sense it may be said that we are already tapping some of the energy 
of atoms; but no idea has yet dawned of tapping the intrinsic energy of the 
ether, which, if my hypothesis is right, is equivalent to the output of a million- 
kilowatt power-station working continuously for several million years, locked 
up in every cubic millimetre of space. 

The universe which we are only just beginning to explore is of a portentous 
character. The rate of vibration which constitutes ordinary hght, and which 
our eyes are adapted to make use of, is of an incredible magnitude. No one 
can conceive of a vibration of five hundred million million per second, and yet 
that such vibration ts a reality 1s not only a certainty but a commonplace of 
science, and has been known for a century. So the fact that large numbers 
and high values are involved ought not to be a deterrent. We have to ascer- 
tain what is, and not assume that anything is a priort impossible. Nor need 
we be astonished at the almost infinite possibilities which are now looming 
before us in many directions, some of them not yet incorporated but looked 
at askance by orthodox science ; in some of which, by the way, I may mention 
incidentally, that prolific experimenter, Sir William Crookes, was also a pioneer. 

It is rather odd, perhaps, that the two first honorary members of the 
Rontgen Society should be both tarred with the same brush. 


7. Experiment on light travelling along a Magnetic Field, 
To give some idea of the importance of some such experiment, and some 


notion of the reason for expecting any result, or at any rate for the theoretical 
implication of a result, either positive or negative, the following extracts from 
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letters received from Sir Joseph Larmor may be quoted :— 
| ““ 28 Oct., 1893. 

“Your kindness in sending me a copy of your (Phil. Trans.) Aberration paper en- 
courages me to ask you a question which now interests me very keenly, namely, whether 
transmission along lines of magnetic force in air appreciably alters the velocity of light. 
I cannot discover that anyone has tried, but according to an etherial theory which I have 
nearly finished writing out, and which covers, I fondly imagine, a very extensive ground, 
there ought to be such an effect. Perhaps you know, or could easily try with your 
machinery.” 


I suppose I replied that I had already tried in different media, and had 
found nothing, but that I would repeat the trial more carefully if he would be 
satisfied with an experiment in air; for his next letter says :— 

“T Nov., 1893. 
“] can correlate most things in one scheme if I am allowed that magnetic force is 
velocity of the ether......A magnetic field should carry the light along with it,—with 
what kind of velocity I have not yet formed an opinion ; but it has nothing to do with 
rotary effect, and should be of the same order in vacuum as in a mass.” 

I now turn to a description of the series of experiments made by me 
between 1893 and 1897, over and above those published in the Phil. Trans. 
for those years ; though they were partially described in the Phil. Mag. for 
April, 1907, as a sequel to calculations about the probable density of the ether. 

The arrangement involved an electrical part and an optical part. The 
electrical part consisted of four brass bobbins or frames, each 44 centimetres 
long, with an elliptical core 10 centimetres wide and I centimetre high. 
This frame was provided with checks, so that a great deal of wire 
could be wound upon it; but in order to keep .the wire cool, the 
central portion and the cheeks were made double, so that there was an 
interspace which could be filled with water, the water being kept 
flowing rapidly by connection with the mains. Thus a film of running 
water was everywhere interposed between the wire on the bobbin 
and its central core, where the light was intended to pass. Each 
bobbin was wound with 7,000 turns of silk-covered No. 18 wire, in twenty-two 
layers, and when the four bobbins were put in parallel, and 230 volts applied 
to them, the total current was 28 ampères, thus expending about nine horse- 
power in heating the wire, so that it was Inexpedient to leave the current on 
for more than a few seconds, which, however, was amply sufficient to make 
the optical observation. Each bobbin was provided with glazed ends, of 
optically-worked plate glass, that could be clamped on in a watertight fashion, 
so as to introduce any desired liquid into the core. When all the bobbins were 
placed in a row, and filled with bisulphide of carbon, the rotation of the plane 
of polarization of sodium light, with a current from 110 volts, was 83°; and 
from this datum, as well as from the ampére-turns, the total drop of 
magnetic potential could be estimated. 

The bobbins worked well, and the heat-consuming arrangement) was 
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satisfactory for the case of air and water, but bisulphide of carbon is 
so extremely sensitive to changes of temperature when tested optically, that 
either weak currents had to be used for a specially short time, or this material 
had to be discarded. There was no particular object in employing a dense 
material, and it was a great relief to fall back upon air, so as to dispense with 
the glazed ends of the bobbins, and thus avoid a multitude of reflections. 
Even air, however, was to some degree sensitive to changes of temperature, 
and if I had pursued the experiment further, I should have been tempted to 
restore the glazed cover-plates, and use vacuum. But it would have com- 
plicated matters a good deal, and did not seem necessary. I wanted to try 
a magnetic liquid, but unfortunately no magnetic material is transparent. 
The discovery of a transparent magnetic substance would be of great assistance 
to magneto-optics ; but it may be that such a substance is impossible, though 
I know no precise theoretical reason for such impossibility. A transparent 
conductor of electricity, other than electrolytic, was shown by Maxwell to be 
impossible ; but a transparent substance of high magnetic permeability might 
perhaps conceivably exist, though I am very doubtful if it can. Anyway, I 
was limited to the poor permeability of salts of iron, which I sometimes used 
in spite of the rusting and other trouble they gave; but their results were of 
no particular interest, and my best experiments were made with the cores 
merely containing air. 

The optical arrangements were of an elaborate and very careful kind. 
They were the same as had been used in what I may call my great ether experi- 
ment, made during those same four years, and described and depicted in 
the Phil. Trans. for 1893 and again in 1897. The same stout oak frame about 
a metre square, and the same optically-worked mirrors made by Hilger, and 
the same telescope and micrometer which had been presented to the 
laboratory by Dr. Isaac Roberts, F.R.S., were employed. 

Light from an electric lantern was sent first on to a piece of semi-trans- 
parent silvered glass, so as to divide it into two equal portions by reflection 
and transmission. Plane mirrors, supported in geometrical fashion and 
accurately adjustable by screws without strain, were supported on the inside 
faces of the square, so as to catch the half-beams of light and send them round 
and round the square in opposite directions, sometimes once, more often 
three or four times, and occasionally five or six times. The arrangement was 
such that they ultimately met again on the semi-transparent glass and entered 
the object-glass of the telescope, thus producing interference bands, which 
could be seen with great precision in the eyepiece. The eyepiece was provided 
with two micrometer wires, both movable by separate micrometer screws : and 
the usual plan was to set one wire—the straight one—on the middle of the 
system of interference bands, and adjust the other one in some well-marked 
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feature, say the yellow, of one of the other bands. In this way it could be 
seen if the system shifted as a whole and also if the bands widened or narrowed 
when the magnetic field was applied. The bands could be obtained quite 
reasonably broad, and the 1/100th part of a band shift could be estimated. 
Some skill and experience were necessary to get these optical arrangements 
perfect, especially when the hght had to pass through a considerable column 
of liquid bounded by glass plates, but the perseverance of my assistant, Mr. 
Benjamin Davies, overcame all these difficulties ; and indeed he had already 
had plenty of experience of this kind when the whirling steel discs were inserted 
in the optical square, in the main Ether experiment, instead of the magnetized 
bobbins. That experiment with the whirling discs was much more difficult 
than the magnetic experiment now referred to, for the blast of air thrown off 
the discs when they were spinning like a teetotum under the impulse of an 
electric motor directly on the shaft,—nine horse-power being expended in 
driving them,—entailed all manner of precautions, and some elaborate devices. 
The magnetic experiment with the four bobbins entailed no such difficulties. 
The only real trouble was the inequalities of temperature, inevitable even 
with the fairly efficient water-screen when the current was left on too long. 

Suffice it to say, therefore, that the four bobbins were arranged as the 
sides of an inner square, at 45° with the main optical square ; that light was 
sent through the bobbins three or four times both ways ; and that a key was 
provided for the observer at the eye-end of the telescope, so that when the 
interference fringes were in good condition and the micrometer properly set; 
he could switch the current on, stop it, and reverse it, at pleasure, noting the 
effect, if any, on the bands. 

It will readily be understood that when a liquid was in the core, so that 
the light had to go through it and through the covering glass plates, the slightest 
shift of the bobbins was sufficient to cause some disturbance, especially since 
in this arrangement of a square, instead of an equilateral triangle, the going 
and returning light did not traverse identical, but only parallel, paths on their 
way round and round the square. That is a defect of a frame with an even 
number of sides, and it would be avoided bv using an odd number, for then 
the opposite paths of the light would be identical, making the arrangement 
much less sensitive to perturbations en route. But then an odd number of 
sides would not enable the hght to be sent many times round: it could only 
be got once round, thus reducing the effective length of path. I do not say 
that all this is obvious: it will be found so on drawing the diagram fully. 
The effective length of path in my case, when the light went four times round, 
was 7 metres for each half-beam, or 14 metres in all, and in this length of 
beam an acceleration or retardation of as little as the 1/100th part of a 
wave length should have been observed when conditions were good. 
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Spurious shifts, of course, had to be avoided ; the magnetic attraction 
of the four bobbins was quite sufficient to cause spurious shifts when there 
was a liquid in their cores; and there were other sources of disturbance, 
which can readily be imagined by those who have tried delicate experiments. 
Nevertheless the result is very definite, the difficulties were by no means 
insuperable, and when only air was in the core, were not really very great. 
And the final result is that no shift was seen, in spite of the fact that the total 
effective drop of magnetic potential was two million c.g.s. 

The conclusion from this is either that the theory about longitudinal 
magnetic drift is erroneous or else that the Ether of space is at least eight 
times as dense as platinum. For if the energy of the magnetic field is due to 
Ether-flow, it is manifest that the denser the Ether is, the slower it need flow. 
The rate of flow which I could have detected, along a field of intensity of 
1,400 c.g.s., was one foot per second. I can therefore safely say that if there 
is any etherial circulation along the lines of a magnetic field of intensity 1,400 
c.g.s., it is less than one foot a second. 

But after all one foot a second is rather rapid, and on the estimate of 
Ether density which I made in that same Phil. Mag. paper of April, 1907, 
where on page 492 I calculate the massiveness of the hypothetical magnetic 
circulation, the Ether density comes out 102. and with such a density as that 
—which is some thousand million times the density of platinum—no flow of 
anything like a foot a second can be contemplated, except indeed close to the 
equator of a moving electron, or in some other ultra-minute closed contour, 
such as we are not likely to be able to open up into a perceptible or experi- 
mental magnetic field. All we get in our magnetic field is a slight residue 
merely of what must be going on with tremendous energy in the innermost 
nature of the Ether. 

It becomes therefore a question whether it is possible to make a magnetic 
field of such strength, and to have all equal arrangements of such perfection, 
that any Ether flow producible on a large experimental scale could be detected. 
I have written on this subject in the Phil. Mag. for May, 1919, and I there 
reckoned that if the four bobbins, above described, were wound with a thousand 
turns on every centimetre of effective length, and if, say by liquid air, the 
wire were kept so cold that it could transmit 1,000 ampères for say, a couple 
of seconds, and if the bobbins were 10 metres long instead of only about half 
a metre, it would be possible to detect an ether-flow of about 7 inches a minute, 
which is about the order of flow that might theoretically be expected from 
an ether density of 10". 

The importance of the experiment is that if we obtained a positive result, 
that which we call the density of the Ether, or in other words the magnetic 
constant 4r u, would be determined, and then the elastic constant 47 A 
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would be known too, for Maxwell showed long ago—actually as long ago as 
1865—that the ratio of these two (thus specified) great etherial constants 
was the square of the velocity of light. Hence, if one is known the other is 
known also, and a third step will have been made in our knowledge of the 
properties of the Ether. The first step was the determination of the finite 
velocity of light, a vitally important thing, bringing the Ether definitely into 
Physics, and showing that it had finite and measurable properties. The 
second step was taken when Maxwell showed that this velocity was dependent 
on the Ether’s electric and magnetic properties, and that it could be measured 
by purely electro-magnetic experiments, without making use of light in any 
way except to see the instruments. This, as is well known, gave us the measure 
of the product u K. And now the third step awaits the enterprise of some 
of those of the younger generation who undoubtedly one day will devise a 
method and make the necessary, probably difficult, experiment, to determine 
some other function of these two constants, or to determine one or other of 
them separately. 


At present we have no certain knowledge even of their nature, still less 
of their magnitude, and in consequence of this ignorance there are two systems 
of measurement in vogue, one the electric, which assumes that K is 1; the 
other the magnetic, which assumes that ua is 1. Both assumptions are known 
to be absurd, and are only justified by practical necessity. From the practical 
point of view the justification is complete ; for except on some such convention, 
the electric and magnetic units of measurement would have been impossible. 
But physicists should vividly remember that they are based on nothing but a 
convention, and should keep the two unknown constants of the Ether present 
in their minds, in the hope some day of simplifying the whole matter, and 
removing the unnecessary, though temporarily inevitable, complication. 


When I say that the two constants are absolutely unknown, I do not 
mean that they cannot be speculated upon. As a matter of speculation, I 
suggest that u is of the nature of density, or analogous to something which 
in the case of matter we call density, and that it will be found to be of the order 
10% c.g.s. units. Also that X is of the nature of the reciprocal of an elasticity, 
and will be found to be of the order 10” c.g.s. units. But it is quite possible 
that posterity will jeer at these estimates, if it ever knows anything about 
them. What I do not expect posterity to jeer at is the attempt to think of 
some plan whereby their nature and value can be discovered; and I hope 
that they will regard with lenience the effort, however tentative and mistaken 
it may be, to make an estimate on the basis of present knowledge of what 
really requires some fundamental and important discovery. 
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Condusson. 


As this is a Silvanus Thompson Memorial Lecture, in which the history 
of Science has its due place, I propose to conclude with the last page of my 
Phil. Mag. paper of May, 1919, as a kind of summary of what the main part 
of this lecture has been about. 

Referring to the experiment above roughly described, I first say that “ if 
a distinct answer can be gained, the experiment is well worth while.” 

And then I go on: 

“ Perhaps it is not clear why I attach so much importance to a 
measurement of the etherial constants and a determination of their 
dynamical nature. If a positive result could be secured it would be the 
first positive result which the ether, apart from matter, has yielded since 
the fundamental fact of wave propagation and its definite velocity. This 
determined the product of the two constants, and was the first step in 
our knowledge of them. If, however, by some new phenomenon the two 
constants could be separately known, a second and even more important 
step would have been taken towards understanding the ether’s structure 
and real nature. Until these constants are known, its relation to and 
interaction with ordinary matter must be largely guess-work. Radiation, 
once excited, obeys known laws, but of the emission and the absorption 
of radiation very little is really understood ; and even the refraction or 
slowing-down of speed when passing through dense matter appears to be 
a subject of some difficulty, at least when anything more has to be appre- 
hended than the bare fact and its elementary exposition. 

“ If the density were known, of course the elasticity would be known 
too, unless the dynamics of ether is not merely a variation on Newtonian 
dynamics but something utterly different. The only way to ascertain 
the truth on this subject is to try how far the ether can be treated as a 
substance amenable to ordinary laws. The principle of Least Action 
holds for light, and it seems possible that a developed turbulent or vortex 
sponge theory may account for the ether’s elastic rigidity (cf. Appendix 
E, and p. 124, of Larmor’s Ether and Matter. Also Phil. Mag. for April, 
1907, p. 503). It is essential, however, that we know the value of this 
rigidity. If it is kinetically explicable in the way originally suggested 
by Lord Kelvin (though afterwards abandoned by him) then the amount 
of energy locked up in the ether is something prodigious. Some day 
such a fact as this, when ascertained, may be found to have a bearing 
on really practical problems.” 

Prof. A. W. PORTER, F.R.S., said :—The Society is certainly to be congratulated upon 


its fifth Silvanus Thompson lecture. Sir Oliver Lodge has shown once more that he is a 
perfect expositor. Many lecturers begin at the end of a subject and never get back to the 
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beginning ; but Sir Oliver is not afraid of the rudiments of a subject, and by giving a very 
simple account of what many might regard as far too elementary matters to be deait with 
in a lecture, he led up to the real problem, the real fundamental problem of the subject, which 
he has described in the latter part of his lecture. This represents experimental matter which 
I suppose was obtained a considerable number of years ago. I remember that apparatus, 
I should think, twenty years ago, if not more. 

Sir OLIVER LODGE :— You were there then ? 

Prof. PORTER :— Yes, but I was not present when this particular experiment was 
conducted ; that, I think, took place a little later. But this problem which has been described 
is a very important one and it is a great pity that ıt has led so far to a negative result, because 
it is a real problem. Many of the problems with which we have to deal at the present time 
have got, perhaps owing to their novelty, “a very unwell look ” about them. The foundations 
of certain forms of scientific faith have a tendency to be upset, but we are on firm footing 
in considering questions of the nature which Sir Oliver has experimented upon. If there 
is one thing which I would desire him to deal with, in addition to those that he has dealt with, 
it would be the more intimate question of the relation between magnetism and matter, rather 
than between magnetism and the ether. I am not quite sure whether it was not Sir Oliver 
himself, probably in a junior lecture that I attended, who raised the question as to why it 
is that magnetism favours the number 56, or, as we would now say, the number 26, because 
itis when the atomic weight of an clement approximates to the number 56 that its tremendous 
Magnetic properties become evicent. All the magnetic metals have atomic weights in that 
neighbourhood—I mean all the strongly magnetizable metals. Why is it that the magnetic 
property is of a quite minute amount for all the elements until that number §6 is approached ? 
That is a very fundamental problem in conrection with this subject. Perhaps we should 
not speak of atomic weight 56 now, but rather 26, which is the so-called atomic number. 
Iere is a problem which I think will have to be dealt with in the near future. We have had 
an exceedingly clear exposition, not only of the fundamentals of the subject, but of a funda- 
mental experimental enquiry, and the Society is to be congratulated upon having heard 
Sir Oliver’s account of it. I move that a hearty vote of thanks be conveyed to Sir Oliver 
for his lecture. 

Prof. SIDNEY RUSS said :—In seconding this vote of thanks on your behalf and on 
behalf of the Society, I want especially to thank Sir Oliver Lodge for his very gracious reference 
to our first President. Silvanus Thompson was not only our first president, and in that 
way gave the Society an extremely good send-off, but he gave a presidential address which 
is well worth reading at the present time. On the occasion of a recent perusal of it I was 
struck by the extraordinary extent to which Silvanus Thompson saw into the future of X-rays. 
The lecture we have been listening to to-night has been full of charm from beginning to end 
and I think Prot. Porter has really given the reason why. Sir Oliver Lodge does not hesitate 
to talk about the clementary things before he talks of the complex and, speaking quite 
personally, one is very envious of the charm that he can put into a simple equation (applause) 
and | think the picture of aA, or rather po Ag, will stick in some of our minds when, in our 
efforts to put these things before our students, we are sometimes at a loss to make them vivid 

nd real. I have no further duty than to second very cordially the vote of thanks proposed 
by Prof. Porter. 

The vote of thanks was accorded with acclamation, 

THE PRESIDENT :—There is one duty remaining to me and that is, to hand to Sir 
Oliver Lodge the Silvanus Thompson medal, in commemoration of this occasion. I think 
the Society will agree with me—I must not be unjust or invidious—that we have never had 
a Silvanus Thompson lecture that we have enjoyed more, and are never likely to have a Silvanus 
Thompson lecture we shall enjoy more. On behalf of the Society I will now hand the medal 
to Sir Oliver Lodge. 

The medal having been handed to him. 

Sir OLIVER LODGE said :—h is a great pleasure to me to receive this memorial of 
my old friend. I have spoken of him in the earlier part of the lecture; I knew him pretty 
well all his lite and I always found him a firm and fast friend and a man whom everyone 
respected and many loved (applause). 


The proceedings then terminated. 
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COMPARISONS BETWEEN THE THERAPEUTIC, PHOTO- 
GRAPHIC AND IONIZATION EFFECTS OF ULTRA-VIOLET 
AND OF BETA RADIATIONS. 


By L. H. CLark, B.Sc. and B.D. WATTERS, B.Sc., The Physics Department, 
Middlesex Hospital. 
(Read March 7, 1922.) 


In this paper, the exposure of the body to sources of ultra-violet radiation 
and to the beta rays of radium has been made the subject of study from several 
points of view. The main object has been to find out whether there is any 
connection between one biological effect of these radiations and two important 
physical effects to which they give rise, namely, photographic action and 
ionization. 

As is well known, exposure of the surface of the body to either of these 
types of radiation results in a skin reaction, the degree of which varies from a 
faint blushing of the skin to a disturbance so profound that an ulcer may 
form over the irradiated area. It is found that adjustment of the exposures 
to these two sources of radiation may be made so that reactions occur, which 
are similar in appearance. In certain other respects, there are marked differ- 
ences resulting from exposure to ultra-violet radiation and to beta rays. How- 
ever, before a comparison of these two reactions can be made, it is necessary 
to consider under what conditions of irradiation they are provoked. 


Sources of Radiation. 

The source of ultra-violet radiation used for the purpose of these com- 
parisons was a mercury arc, enclosed in a quartz vessel. The current for the 
lamp was derived from a set of secondary cells from which any potential differ- 
ence up to 200 volts could be obtained. It was desirable to know the conditions 
under which the arc was running during any given exposure and for this 
reason, an ammeter was placed in series with it, the potential difference between 
the lamp terminals being given by a voltmeter. Throughout the experiments, 
the arc lamp was enclosed in a large cubical box having an aperture 12 cm. by 
8 cm., in one of its sides. The lamp was placed approximately parallel to the 
plane of the aperture. 

The source of beta radiation was a capsule containing 24 mgm. of radium 
bromide spread over a circular area 8 mm. in diameter. The radium salt was 
covered by a thin sheet of mica and by a sheet of aluminium 0:1 mm. in thick- 


ness. 
Exposures to ultra-violet radiations. 


The exposures to the radiation from the mercury arc were made on the 
forearm, which was supported in contact with the aperture of the lamp box. 


As it was necessary to expose only small portions of the arm at a time, a paper 
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shield carrying an aperture of I cm. side was bound to the arm. With the 
latter in the position for irradiation, the exposed area was on a level with the 
lamp and its perpendicular distance from the latter was 8 cm. Small portions 
of the skin were exposed successively to increasing quantities of radiation. 
Most of the exposures were made within half an hour of striking the arc and, 
in all cases, the latter was running steadily before irradiation was begun. 
Under the conditions of experiment, the quantity of radiation received by the 
skin depends upon the time of exposure and also upon the voltage between 
the arc terminals. 


TABLE 1 
| | Energy Samed 
Exposure Current © P.D. across Arc by Arc Latent Period 
(minutes) | (ampères) (volts) (Joules x 103) 
} ra Se ON ts ee) Oe oe | 
1-0 | 2-36 65 9.2 
1-5 2:36 65 13-8 
2-0 2-36 65 18-4 
2-5 2:5 i 64 24-4 a N 
2:66 2-5 64 25-6 Less than 12 hours 
4-0 2-66 60 38-3 j u, COL. ur 
5-0 2-66 | 60 47:9 i ae 
3°0 2°92 108 56-8 2 sie Be 
13:0 * 2:8 80 78-7 o» n» lfa 
13-0 * 2-9 | 78 79-4 ieee: SO as 
10-0 * 2-9 106 82-9 j T 2 on 
14:0 * 2-8 | 80 84-8 ” »» 1 ve 
5-0 2-92 | 108 94-6 oo» Emin, 


| 
j 
i 
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In Table 1 are collected the results of various exposures of different 
portions of the skin to ultra-violet radiation. The fourth column gives the 
energy consumed by the arc during each exposure, whilst the last column 
shows the time which elapsed before a skin reaction was apparent. It was 
found that, as the energy consumed by the arc lamp increased, the latent 
period decreased and the reaction changed from one in which there was only 
a temporary blushing of the skin to another in which the irradiated skin ulti- 
mately peeled from the arm. The exposures marked with an asterisk were 
made several months later. In these cases a piece of wire gauze was placed 
between the arc and the skin which reduced the intensity of the radiation at the 
latter to 45 per cent. of that which obtained without the gauze. During the 
interval the arc had considerable use, but it is seen that the proportionate 
encrgy it consumed and the resulting skin reactions fall into line with the 
values obtained previously. It would appear that, for a given distance between 
the skin and the are kunp, the energy consumed by the latter during any given 
exposure may serve with fair accuracy to measure the probable extent of the 
resulting skin reaction. 

This parallelism between the energy consumption of the arc and the 
degree of the skin reaction resulting from exposure to the radiations of 
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the former is put forward with considerable reserve. The work 
of Coblentz (Am. J. Electrotherap. & Radiol., Oct., 1921) shows that the 
radiation from a quartz mercury arc falls off with continued use. The above 
means of estimating dosage must therefore be regarded as only approximate. 
At present, however, it is the only means we possess of estimating, even approxi- 
mately, ultra-violet dosage and in the subsequent comparisons the energy 
consumed by the lamp, during an irradiation of the skin, will be taken as a 
measure of the skin reaction to be expected. 


Comparison of the skin reactions due to ultra-violet and to beta radiations. 

We are now in a position to compare the skin reactions resulting from 
exposure to ultra-violet radiation with those observed by Mottram and Russ, 
in the case of exposure to the beta radiation from the 24 mgm. capsule of 
radium bromide (Proc. Roy. Soc. Med., Vol. x., pp. 121-135). The capsule 
with its aluminium screen was placed in contact with various nodules for 
different periods of time and the resulting skin reactions were observed. 


TABLE 2 
EXPOSURES TO -Rays OF RADIUM 
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EXPOSURES TO ULTRA-VIOLET RAYS 
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In Table 2 the results of varying exposures to ultra-violet radiation 
are compared with the results of the above authors for the exposures of the 
skin to the beta rays of radium. At the outset, this comparison between the 
effects upon the skin of these two types of radiation renders obvious one very 
important fact. It is the difference in the time required for the two reactions, 
say, an erythema action to occur. The two cases A and B may be considered 
apparently equivalent, for in both an erythema resulted, the skin peeled, but 
in neither case was the action severe enough to produce an exudate. How- 
ever, the latent period, that is the time which elapsed between irradiation 
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and the appearance of the resulting erythema was under five minutes in the 
case of exposure to ultra-violet radiation, and about seven days in the case 
of irradiation with beta rays. It is seen therefore that, when the exposure 
is made to beta rays, the subsequent latent period may be approximately 
2,000 times longer than that resulting from exposure to ultra-violet radiation- 


The two series of increasing exposures to the ultra-violet radiation and 
to the beta rays show a marked difference in the effect upon the subsequent 
latent period. It will be noticed that, when the mercury arc is the source of 
radiation, the latent period decreases with increase in the quantity of radiation 
incident upon the skin until an exposure is reached when there is no latent, 
period. However, it was shown in the above paper that, for exposure to the 
beta rays from 7 mgm. of radium bromide the latent period did not vary 
appreciably when the former was increased from two to six hours. The 
figures taken from the same paper and given in Table 2 show that the 
latent periods resulting from exposures of twenty and of sixty minutes 
to the 24 mgm. capsule were not widely different. It is therefore clear that, 
whereas an increase in the exposure of the skin to ultra-violet radiation renders 
a marked decrease in the subsequent latent period, there is little variation in 
the latent period with increase of exposure to the beta rays of radium. The 
duration of the latent period in the case of ultra-violet radiation forms a rough 
means of estimating the degree of the resulting skin reaction. However, the 
differences in the latent periods resulting from widely differing exposures to 
beta rays are too small to be useful in this connection. 

This comparison of the effects upon the skin of exposure to ultra-violet 
radiation and to beta rays has thrown into prominence marked differences in 
the time which elapses before the appearance of a skin reaction. | Consequently 
any theory as to the nature of the processes involved in a skin reaction has 
these striking differences to deal with. 

During the course of the experiments, certain interesting facts were noticed 
which will now be recorded. The erythema resulting from exposure to ultra- 
violet radiation can be made to disappear complctely by simply stretching 
the irradiated skin. When the tension upon the skin is removed, the erythema 
reappears. Such an action can be shown with case upon the day of irradiation. 
However, if the experiment is repeated the day after, the skin, although it 
loses its red coloration, is pigmented a straw colour which gradually deepens 
to a brown as the time for peeling approaches. 

The reactions which have been described were observed in daylight. 
Somewhat more striking is the appearance of a skin reaction in ultra-violet 
light, such as that transmitted by a sheet of nickel glass. In this light it was 
found that, where irradiation had been sufficient to cause a skin reaction, the 
skin ceased to fluoresce so strongly as the normal surface. It was of interest 
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to know the interval of time, subsequent to irradiation, which elapsed before 
this diminution of the fluorescence of irradiated skin was apparent. For energy 
consumptions of the arc of 56,800 and 94,600 Joules, the latent period in ultra- 
violet light was 60 and 15 seconds respectively. The remaining fluorescence 
rapidly diminished until the irradiated area appeared a dull black. This loss 
of fluorescence 1s far more easily detected than the increased blushing of irra- 
diated skin when viewed in daylight. It was further found that this loss of 
fluorescence in ultra-violet light was observable several months after the 
exposure had been made and furnished a means of localizing an irradiated 
portion, when it was no longer visible in daylight. 


Comparisons of the skin reactions with the photographic actions of beta 
rays and ultra-violet radiations. 


When one considers the actions upon a photographic plate and upon the 
human skin resulting from exposure to the beta rays from a given mass of 
radium, a correspondence in the degree of the reaction is observed. For given 
exposures, the extent of both reactions depends upon the mass of radium form- 
ing the source of beta radiation. So far as is known, all beta rays which are 
capable of causing a skin reaction are also able to affect a photographic plate. 
It would appear therefore, that a correlation of these two effects might be made 
so that the photographic effect of a given source of beta rays may be used to 
indicate the necessary exposure of the skin to the same source of radiation so 
that a definite reaction shall result. 

A similar consideration for the case of exposures of the photographic plate 
and of the skin to the radiations from a mercury arc shows one important differ- 
ence. Whereas the whole regions of the visible and ultra-violet sprectums are 
capable, in varying degree, of exciting photographic action, it has been shown 
by Schunck (J.R.S., No. 54, Vol. xiv.) that the more refrangible portion of 
the ultra-violet spectrum is by far the most effective in exciting a skin reaction. 
The sources of radiation used by this author were arcs of tungsten and of iron. 
It is probable therefore that, of the whole spectrum of the mercury arc, only a 
limited range of wave-lengths has a marked therapeutic effect upon the skin. 

As it is a matter of some importance to know what range of wave-lengths 
of the mercury spectrum is mainly responsible for the skin reaction, an exposure 
of the surface of the forearm was made to the whole mercury spectrum, analysed 
by means of a Hilger quartzspectrometer. The light from the mercury arc fell 
upon the slit of the spectroscope and, on passing through the prism, was 
analysed into a series of spectral lines, all of which came into focus in approxi- 
mately one plane. By removing the photographic plate holder, which travelled 
in the plane of the spectrum, the forearm was placed so as to receive the spectral 
lines upon its surface. The exposed portion of the arm could be viewed through 
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a small aperture in the side of the instrument facing it. The more prominent 
ultra-violet spectrum lines were rendered visible by the fluorescence of the 
skin upon which they fell. The arm was bound firmly to the case of the instru- 
ment. To avoid small movements of the skin of the arm, the. positions of the 
various prominent spectral lines were marked upon its surface by a series of 
vaseline dots. The dots fluoresced strongly only when a spectrum line fell 
upon them. By this means any slight movement was easily seen by a second 
observer, viewing the arm through the opposite aperture, and could be rectified 
immediately. Under these conditions the maximum movement of the arm 
was about 3mm. In this manner the arm was exposed for a period of two hours. 

As the result of exposure a faint blush was observed upon that portion 
of the arm which had received the more refrangible lines of the ultra-violet 
spectrum. The boundary of the blush was a little indefinite but the erythema 
did not extend as far as the spectrum line X 2490. The maximum effect corre- 
sponded to the lines A 2390 and A 2410. The boundary of the skin reaction 
in the extreme ultra-violet was too indefinite to be useful. These results indi- 
cate that light of wave-length shorter than A 2490 is considerably the more 
effective in exciting a skin reaction. Schunck (loc. cit.) showed that the ultra- 
violet radiations from arcs of tungsten and of iron become exceedingly powerful 
therapeutically from X 2500 downward. It is clear, therefore, that very con- 
siderable portions of the radiation emitted by arcs of mercury, tungsten and 
of iron are relatively ineffective in their action upon the skin. 

The fact, that the more refrangible ultra-violet radiations are considerably 
more effective in exciting a skin reaction, suggests that care must be exercised 
in using photographic action to indicate the extent of the former. Any tint 
method for indicating a skin reaction, which is based upon the photographic 
action of the whole radiation from a given source of light such as is used with 
success where beta rays are employed, fails when exposures are made to the 
radiations from a quartz mercury arc. There is insufficient data to give a 
direct proof of this statement, as a scries of equal time exposures of the skin 
to the radiation from the arc, for regularly increasing power consumptions of 
the latter, has not been undertaken. However, the results of the following 
simple experiments afford indirect evidence of the unsatisfactory nature of 
such a tint method in this connection. 

Light filters, each transmitting a different region of the spectrum, were 
placed in turn before the aperture of the mercury lamp box. The photographic 
action of the light transmitted by each filter was compared with that resulting 
from exposure to the full radiation from the arc, the power consumed by the 
latter remaining constant during the comparison. The ratio of the times of 
exposure required to produce equivalent tints upon the same photographic paper 
was considered to measure the photographic activity of the light transmitted 
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by a filter, in terms of that of the full radiation from the arc. A photo- 
graphic factor for each filter was thus obtained. Exposures of the skin to tlıe 
filtered and to the full radiation, which bear this same ratio to each other, 
should result in equivalent reactions, if the photographic effect is assumed to 
indicate the degree of the latter. 

Various portions of the arm were exposed in succession to the light trans- 
mitted through filters of aesculin, nickel glass and of a solution of centinormal 
phenol. The latter was contained in a quartz vessel, the thickness of tlıe 
solution being 0°7 cm. 


TABLE 3. 
Light Filter Photographic | Exposures Exposures 
(Transmission) Factor : (Calculated) (Made) Latent Period 
Bands | Joules x 108 Joules x 10? 
NO FILTER 1-0 | _—— 47-9 | Less than 5 hours 
Full spectrum | 
AESCULIN 21-5 1030 1167 _— 
415700—A 3650 
NICKEL GLASS 18-0 863 1140 — 
A3900—A3130 
NO FILTER 1-0 —— 41:0 | Less than 1-5 hours 
Full spectrum | | Skin peeled—8 days 
PHENOL SOLUTION]! 3-5 143-5 61:6 Less than 1:5 hours 
(A2500—A 2350) Skin peeled—8 days 
(A5700-—A 2850) | 
The results of these exposures are shown in Table 3. The ranges of 


wave-lengths of the light transmitted by the various filters are given in the 
table, together with their respective photographic factors. The fourth and 
fifth columns show respectively the exposures that were made, expressed in 
Joules, and their effects upon the subsequent appearance of the irradiated skin. 
The third column gives the exposures, calculated from the various photo- 
graphic factors which, if the assumption is correct, should give an erythema 
action equivalent to that resulting from exposure to the naked arc, whilst the 
latter consumed in one case, 47,900 Joules and, in another, 41,000 Joules. 
At the outset, it is to be observed that, although the exposures to the 
radiations, filtered through aesculin and through nickel glass, were greater 
than those calculated from the photographic factors, no skin reaction resulted 
from irradiation. The irradiated portions of the skin appeared normal both 
in daylight and in ultra-violet light. Far more serious from a practical point 
of view, however, is the case of the light filter of phenol solution. A smaller 
mercury arc was used for this filter, the photographic factor of which was 35. 
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In this case, exposures to the filtered and to the full radiation in the ratio of 
1:5 to 1 resulted in equivalent reactions. It is seen, therefore, that the exposure, 
calculated from the photographic factor of the phenol solution is considerably 
in excess of that required to excite a subsequent erythema reaction upon the 
skin. It is obvious that the photographic factors of the respective filters 
afford no information as to the therapeutic activity of the radiations which 
they transmit. 

It is clear that the photographic plate, sensitive as it is to the whole gamut 
of visible and ultra-violet radiations, fails to discriminate between those 
radiations which excite an erythema reaction and those which are inactive 
towards the skin. Further the major portion of the radiation from the usual 
terrestrial sources of ultra-violet light is relatively feeble in its action upon 
human skin. It follows, therefore, that the photographic tint method, as 
practised in the case of beta ray treatment, is unsuitable as a means of indi- 
cating the skin reactions resulting from exposure to sources of ultra-violet 
radiation. 

Comparison of the Ionization Effects of Beta Rays and of Ultra-Violet Radtations. 

As is well-known, the ionization produced in air by beta rays is the method, 
par excellence, for the determination of the therapeutic efficiency of a source of 
beta radiation. By the aid of this method one determines the intensity of 
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radiation incident upon the skin, under any given conditions, in terms of that 
of some standard mass of radium, the therapeutic effect of which is known. 
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It will serve our purpose if we confine ourselves merely to this application of the 
ionization method and ignore the more important function of the electroscope 
in this connection, namely to determine the extent to which the radiation is 
absorbed by the tissues. It is important to know whether the ionization 
method is applicable to other sources of radiation, which are capable of ex- 
citing a skin reaction. Consequently, it was decided to compare, in the first 
instance, the 1onizations produced in air by the 24 mgm. capsule of radium 
bromide and by the radiation from the mercury arc. 
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In this comparison, it was important that the volume of air within the 
electroscope, which was traversed by the ionizing agent, was the same for both 
types of radiation. Further, to avoid a photo-electric action in the case of 
ultra-violet light, it was essential that the beam of radiation fell on no metallic. 
surface within the electroscope. For these reasons, an electroscope of the 
type shown in Fig. 1 was used. The lower portion of the instrument consisted 
of a parallel, circular plate ionization chamber, the upper plate of which was 
connected to the lower end of the gold leaf support. A cylindrical beam of 
radiation was obtained by allowing part of the radiation to pass through a 
cylindrical tunnel, which pierced a rectangular block of lead. This tunnel 
was 15°3 cm. long and 0°8 cm. in diameter, whilst the end of the lead block in 
contact with the side of the electroscope was of the same area as the latter. 
In the case of the 24 mgm. capsule, the absorption of the Gamma radiation 
in directions other than that of the tunnel was such that the ionization it 
produced within the electroscope was negligible. Further, by covering the 
surface of the tunnel with lamp black, a beam of ultra-violet radiation, of 
similar dimensions to that of beta rays, traversed the air between the plates 
of the ionization chamber. The beams of radiation entered the chamber 
through an extremely thin mica window and passed out through anather, which 
covered a larger aperture on the further side of the electroscope. The capsule 
containing 24 mgm. of radium bromide was supported at the end of the tunnel 
remote from the electroscope. The resulting ionization in the electroscope 
was due to the beta and to the gamma rays from this source. The partial 
ionization due to the former was determined by subtracting, from the full 
ionization value, that which obtained when a sheet of lead 2 mm. thick covered 
the front of the radium source. In this way the ionization due to the beta 
radiation was found to be 61:5 divisions of the tele-microscope scale per minute. 

Observations were made of the ionization produced by the whole radiation 
from the quartz mercury arc, when it was placed at a distance of 23°5 c.m. 
from the near side of the electroscope, With the arc consuming 246 watts 
the width of the luminous column of mercury vapour was approximately one 
half that of the quartz tube, namely 0°8 cm., the effective length of the former 
being 1'6 cm. in this experiment. A very small ionization current was ob- 
served, the strength of which was always greater when the gold leaf system 
was positively charged. The maximum ionization recorded was 0°44 divisions 
per minute. 

The ionization produced by unit area of the two sources of radiation, 
when the latter are placed at the same distance from the electroscope, can be 
calculated from the above figures, if the decrease with distance of the radiation 
from one of them is known. The intensity of the beta radiation varies approxi- 
mately as the inverse square of the distance from the 24 mgm. capsule of 
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radium bromide. After a further allowance has been made for the decrease 
in volume of the air within the electroscope which is traversed by the radiation, 
the ionization current produced when the radium source is at a distance of 
. 23:5 cm. from the electroscope is 22°5 divisions per minute. A comparison 
between the ionization currents due to these two types of radiation shows that 
the electroscopic effect of the radiation from 1 sq. cm. of the mercury arc is 
only 0°75 per cent. of that due to the radiation from the same area of the 
radium source. Hence one may conclude that the ionization in air, caused 
by the radiations from a quartz mercury arc, is negligible. This result agrees 
with that of Hughes (Proc. Camb. Phil. Soc. 15, 1910), who showed that quartz 
does not transmit ultra-violet radiations capable of producing ionization in 
air, ° | 

The Photo-Electric Action of Ultra-Violet Light. 

It is well-known that metallic surfaces, when illuminated with ultra- 
violet light tend to become electrified positively in virtue of the fact that, 
under the action of the radiation, they lose a negative charge. This photo- 
electric action can be demonstrated quite simply by fitting a quartz window 


*--/Ocm. — 


Fig. 2. 


to one side of the ordinary cubical electroscope and exposing it to the radiation 
from a quartz mercury arc, say 30 cms. distant. In one case with the arc 
consuming 187 watts, a rate of movement of the leaf of approximately 900 
divisions per minute was obtained. The existence of this very powerful 
ionization effect presents two points for consideration. The first is one of 
practical importance, namely the possibility of using the photo-electric action 
of light upon a metal surface as a means of measuring the therapeutic action 
of ultra-violet radiation upon the skin. The second point is one of theoretical 
interest. It is the possibility of a marked photo-electric action of light upon 
human skin, the existence of which would lend material support to the photo- 
electric theory of the erythema reaction resulting from exposure to ultra- 
violet radiation. Experiments were therefore made with a view to gaining 
information on both of these points. 
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The Photo-Electric Action of Ultra-Violet Light upon Zinc. 

As zinc is a substance upon which the photo-electric effect is shown to a 
marked degree, this metal was chosen for the purposes of the investigation. 
It was considered advisable to determine the degree of the photo-electric effect 
upon the zinc plate of various prominent spectral lines in the more refrangible 
portion of the ultra-violet spectrum of mercury. The quartz spectrometer 
was used to form a spectrum of the radiation from the mercury arc. This 
time, however, the photographic plate holder was replaced by a simple electro- 
scope. Fig. 2 shows a plan of the apparatus employed. The special feature 
of the electroscope was the gold leaf support, which consisted of a light metal 
frame in which a square sheet of polished zinc, of 2°5 cm. side, could be sup- 
ported. A vertical slot aperture, 25 mms. long and 2'5 mms. wide, which was 
cut in a sheet of mica, allowed a spectrum line to enter the electroscope and to 
impinge upon the zinc surface. It was desirable to have a simple means of 
finding the positions of the prominent spectrum lines of the ultra-violet region 
and, for this purpose, a simple fluorescent screen was devised. A strip of 
tissue paper was pasted to a sheet of glass and its upper surface was lightly 
smeared with vaseline. When the spectral lines were allowed to fall upon 
the latter and the screen was observed in a darkened room, all those lines of 
the ultra-violet region, which are recorded by a photographic plate, could be 
seen with ease. The photo-electric action excited by each spectral line was 
determined by sliding the electroscope bodily in the direction of the arrow. 
The region of the mercury spectrum from A 2570 to A 2380 was investigated 
in the above manner. In spite of the photo-electric fatigue of the zinc plate, 
the results of this preliminary experiment show that the radiation of wave- 
length A 2536 is by far the strongest in exciting photo-electric action. This 
spectral line is also the strongest photographically within the same region 
of the mercury spectrum. The above result is interesting as showing the 
correspondence between the photographic and the photo-electric activities 
of those radiations which are most powerful in their action upon the skin. 

It was considered advisable to determine the mode in which the photo- 
electric activity, excited upon a polished zinc surface by the full radiation from 
the mercury arc, varied with increase in the voltage across the lamp terminals. 
The electroscope of Fig. 2, was used for this purpose, the slit aperture, being 
replaced by one which was circular and 1 cm. in diameter. A metal tube, 
3:5 cm. long and of the same internal diameter as the aperture, projected 
horizontally from the side of the electroscope and served to reduce the radiation 
entering the latter to a cylindrical beam. It was found that, with the arc 
running under constant conditions of current and voltage, the magnitude of 
the electroscopic leak decreased with time and for this reason a record was 
kept of the times at which the various readings were made. By reducing the 
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resistance in the arc lamp circuit, the power consumed by the latter could be 
increased by steps. Electroscopic readings were taken for each increase in 
the power consumed by the arc, when the latter was running steadily. After 
each of these readings the electroscopic leak for the lowest power emploved 
was re-determined. A typical set of results are shown in Table 4. The 
decrease in the photo-electric activity with time for the arc running under 
approximately constant conditions of current and of voltage is shown by the 


TABLE 4 
Power | Ionization Time of Observation | Corrected Ionization 
(Watts) (Div. per min.) (minutes) 

97:5 15-4 0 15-4 
142 27-0 14 | 30-1 
101 13-2 | 24 
178 33-0 35 | 42-4 
97-8 10:2 50 | 
223 43-3 62 65-5 
102 10-6 72 
235 48-8 84 87:3 
101 8:29 99 
267 | 52-3 111 115 
100 6°48 121 
103 | 5°71 150 
310 | 41-4 162 | 142 


fact that, after three hours, the activity had dropped to a quarter of its initial 
value when the arc was consuming approximately 100 watts. If one assumes 
that this decrease is due to the fatigue of the zinc plate, use can be made of 
these figures to correct the ionization values for the various input powers of 
the arc. The figures in column four were obtained in this way and the curve 
of Fig. 3, shows the manner in which the photo-electric activity of the zinc 
increases with increase in the power supplied to the arc, when allowance is 
thus made for fatigue. The graph is fairly regular and simple in type. It 
would appear that, in the photo-electric activity of a metal surface under the 
influence of ultra-violet light, we may have a powerful method of measuring 
the therapeutic effect of these radiations. There is, however, a serious objection 
to this application of the photo-electric effect. The metal surface is subject 
to fatigue, the practical effect of which is that electroscopic readings for identi- 
cal conditions vary with time and with the degree of polish of the metal surface. 
If the laws governing these variations in activity were known it is possible 
that objections to the method might be removed. Research in this connection 
is proceeding at the present time. 


Ihe Photo-Electric Action of Ultra-Violet Radiations upon Human Skin. 

As it has been stated, experimental evidence of a marked photo-electric 
effect of light upon the human skin would prove valuable to any phvsical 
theory as to the nature of the changes in the skin, consequent upon exposure 
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to ultra-violet radiation. In quest of this evidence a few simple experiments 
were made upon dried human skin and upon the human subject. In the latter 
case, One assumed that if the erythema were merely the result of a photo- 
electric action of light upon the skin, the application of electric fields to the 
irradiated surface, simultaneous with irradiation, should modify the subsequent 
skin reactions. Of the experiments that were performed two only call for 
comment. In the first, one sought a pure photo-electric action of the full 
radiation from the mercury arc upon the surface of dried skin. The electro- 
scope shown in Fig. 1. was again used and the photo-electric action of the 
radiation upon the skin was compared with that upon polished zinc. This 
was effected by removing the mica window from the larger aperture of the 
electroscope and replacing it, in turn, by a sheet of zinc and by the piece of skin. 

The zinc plate was polished with fine grained emery paper and its photo- 
electric activity determined immediately afterwards. A rate of movement 
of the gold leaf of 200 divisions per minute was thus obtained. 

The ionization current observed, when the skin surface was illuminated, 
was of the same order as that recorded when the radiation passed out through 
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the thin mica window, namely 0:45 divisions per minute. It is indeed doubtful 
whether the ionization observed in this case is due to a true photo-electric 
action of light upon the skin. In any case the ionization observed with the 
zinc plate was approximately four hundred and fifty times greater than that 
observed with the dried skin. It is clear therefore that any photo-electric 
action, resulting from exposure of human skin to ultra-violet light, is very 
small under these conditions. 

The second experiment consisted in making a series of exposures of different 
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portions of the aım to the radiation from the mercury arc. Simultaneous 
with these exposures the arm was under the action of an electric field. A 
strong electric field was obtained by the use of a Wimshurst Machine. The 
subject of experiment stood upon an insulating stool and grasped one electrode 
of the machine, which was actuated throughout the exposure. A comparison 
was made between the skin reactions resulting from exposures when the body 
was (a) positively charged, (b) negatively charged, (c) uncharged. No differences 
in the resulting skin reactions were observed. Further the latent period was 
unaffected by the application of the electric field. The application of a weak 
electric field during irradiation was also found to be without effect upon the 
subsequent skin reactions, when they were compared with control erythemas. 
It would appear that the application of simple electric fields, during irradiation 
is without effect upon the degree of the subsequent skin reactions. On the 
other hand, as is well-known, the simple phenomena of photo-electricity are 
dependent to a marked degree upon the state of electrification of the surface 
exposed to the ultra-violet radiation. It is obvious, therefore, that the con- 
nection between the skin reactions and the photo-electric effects, resulting 
from exposure to ultra-violet radiation, still remains obscure. 

Discussion of Results. 

The comparison of the skin reactions resulting from exposures to ultra- 
violet radiations and to the beta rays of radium has shown that the time 
which elapses between irradiation and the appearance of the reaction is 
widely different for these two types of radiation. The apparent changes in 
the skin, resulting from exposure to the radiations from a mercury arc, are 
enormously more rapid in their appearance than is the case with the corres- 
ponding reactions resulting from exposure to beta rays. 

The photographic action of beta rays forms a useful means of determining 
the therapeutic efficiency of sources of beta radiation. Although the ultra- 
violet radiations possess this property to a marked degree no satisfactory 
method has been evolved up to the present, which utilizes this phenomenon for 
the purpose of ultra-violet dosage. In this connection, there is need for a 
light filter which transmits only those radiations from terrestrial sources, 
which are the most powerful in exciting a skin reaction. 

It has been shown that the usual ionization methods, which are employed 
to measure the activity of sources of beta rays, cannot be used to the same end 
for the radiations from the mercury arc. The ionization which the latter 
radiations produce in air is negligible. However the very powerful electrical 
effect excited, when ultra-violet radiations fall upon a metal surface, is one 
which, at some future date, may be used as a means of measuring their thera- 
peutic efficiency. Further data upon the nature of photo-electric fatigue 
is required before such a method is likely to meet with success. 
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It is clear from the comparisons, which have been made, that, whereas 
there are two important physical methods whereby the activity of beta rays 
may be determined, there is no accurate method of measuring the therapeutic 
activity of the ultra-violet radiations from a quartz mercury arc. The method 
of estimating exposures of the skin to ultra-violet radiation in terms of the 
energy consumed by the arc during the period of irradiation, which was put 
forward at the beginning of this paper, is at best only approximate. There is 
an urgent need, therefore, for some accurate method of measuring the efficiency 
of sources of ultra-violet radiation, which are used for clinical purposes. 

In conclusion, we wish to express our best thanks to Prof. Russ for sug- 
gesting the research and also for the kind help and encouragement he has 
given to us during its progress ; we are further indebted to Mr. Thompson, 
who underwent several skin exposures to ultra-violet radiation. 


DISCUSSION. 


Prof. SIDNEY RUSS said that the authors ought to be congratulated on the experi- 
mental work which had attended their paper, although perhaps it had not broken any ground 
that was particularly fresh. The difficulties were fairly numerous, because, in attempting 
this correlation the authors had been met with a considerable number of negatives. It was 
usual in these days to attribute a very large number of effects observed in the body to the 
liberation of electrons from the surfaces irradiated, and he thought the observations went 
to show how difficult it was to put into evidence actually the existence of this liberation of 
the electron, especially when an agent like ultra-violet light had to be dealt with. It was 
known that the velocity of ejection of these electrons was very small, yet the authors had 
devised experiments to try and put in some evidence of this electronic leak. The other aspect 
of the paper was really an attempt to place at the service of the radiologist a useful measure 
of ultra-violet light. It had been known for a long time that the output of these mercury 
vapour lamps varied considerably, due, he believed, to some change in the structure of the 
quartz enclosure. The question arose as to what would be the best method of measuring 
the yield of these lamps, and by analogy with X-ray matters it seemed desirable to measure 
the radiation emitted rather than the energy input. If some method, either photo-electric 
or purely electrical, could be devised for measuring the radiation one would feel the position 
of affairs to be much more satisfactory. The paper rather put the difficulties foremost, but 
there was a certain positive side to this work which he thought would be very useful. 


Prof. A. O. RANKINE said that he understood the statement of the authors to be that 
it was only a limited range of ultra-violet light which produced the skin reaction and that 
neither too short wave-lengths nor too long were effective. He did not know whether it was 
true that the short wave-lengths penetrated more deeply and more easily into the tissues. 
Was there any evidence that the short wave-lengths, although not producing a visible skin 
reaction, might produce some more deep-seated reaction on account of their not being 
absorbed until a greater depth had been reached ? Another question was with reference to 
the interesting method of observing the effects in ultra-violet light. He remembered seeing 
some experiments by Prof. R. W. Wood in which ultra-violet light was applied to different 
materials, and Prof. Wood had pointed out that fluorescence was very marked in cases where 
there was any greasy surface. He wondered whether the fluorescence observed on the skin 
under ultra-violet light was due to grease which had got absorbed into the skin. 


Dr. G. B. BATTEN said that at the recent Mackenzie Davidson Memorial Lecture, Dr. 
Kaye informed them that it had been discovered that there were X-rays of wave-lengths 
as great as those of some ultra-violet rays—that, in fact, the gap between the X-rays 
and the ultra-violet had been bridged. Were such radiations X-rays or ultra-violet rays ? 
It might be possible, in the light of this discovery, that the particular ultra-violet rays 
which affected the skin were really X-rays, 
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Major G. W. C. KAYE said that the restricted range of the active wave-lengths had 
been demonstrated in a variety of ways other than medical. For example, Dr. Aston had 
done some work in the war on the deterioration of cotton fabrics used in connection with 
aeroplanes. He had thrown an ultra-violet spectrum upon a number of fibres of cotton. 
mounted parallel side by side in a flat sheet, and measured the tensile strength of individual 
fibres before and after exposure. He found that the deteriorating effect was confined to a 
narrow range of wave-lengths, and that shorter and longer waves had little or no effect. The 
speaker could not imagine that either very short ultra-violet waves or very long X-ray waves 
would be of great use for medical purposes. In each case the rays were intensely absorbed 
by matter; for example, the range of these rays in air was only a small fraction of a milli- 
metre. He was glad to see that the famous glass, devised by Prof. R. W. Wood, had been 
turned to account therapeutically. During the war, especially in the American army, it 
was turned to account for ultra-violet signalling, and already, in conjunction with the mercury 
arc, it had been of much use to physicists as a source of intense ultra-violet light. A means 
of standardizing ultra-violet light might be built up by the use of zinc sulphide mixtures 
and comparing the brilliancy of their fluorescence under radium and ultra-violet light. 
Another suggestion was with regard to the ionization method. A number of observers had 
shown that the ability of ultra-violet light to ionize air was small, but he believed the effect 
could be well shown in other gases like ammonia. If the heavier gases were tried the effect 
might be detected, and in that case the ionization method could be developed for standardiza- 
tion purposes. He hoped that the authors would be encouraged to follow up this work, at 
which they had made so promising a beginning. It was particularly hopeful to see the 
Middlesex School of Physics so vigorous. 


Major K. EDGCUMBE asked whether the efficiency at which a mercury arc worked 
was not a guide to the range of wave-lengths which was emitted. It had been found that a 
measure of the efficiency of an ordinary incandescent lamp could be found by matching its 
colour. The colour test might be a possible way of measuring mercury vapour lamps also and 
a constant thus arrived at which, multiplied by watts, would give the actual output in the 
terms required for the purpose. 


Mr. C. E. S. PHILLIPS asked whether the skin employed in the photo-electric experi- 
ments was fresh or dry. Photo-electric effects depended upon the state of the matter. Water 
was practically not photo-electric at all, whereas ice was strongly photo-electric. 


THE PRESIDENT congratulated the authors on having raised an interesting discussion. 
Perhaps he might give his own personal views on the point raised by Dr. Batten as to the 
particular things which they were going to term X-rays. It reminded him of the old con- 
troversy as to what particular waves were to be called only ripples. It was a very debateable 
point, but there was a particular wave which travelled with certain characteristics, and any- 
thing shorter than this was called a ripple, and anything longer a water-wave. That was 
the differentiation proposed by Lord Kelvin and it had answered the purpose. Unfortunately, 
in the case of X-rays and ultra-violet rays there was no particular ray which really formed 
a connecting link. One might perhaps call a ray having a wave-length of one Angstrom 
unit or less, an X-ray, and speak of anything with a greater wave-length as ultra-violet light. 


Mr. L. H. CLARK, in reply, said that with regard to Prof. Rankine’s first question, he 
might say that they were only concerned with the purely superficial effects of ultra-violet 
radiation and had not considered any effects beneath the surface. With regard to the 
presence of grease on the surface of the skin, it was worth while to note that the sweat glands 
when active did not appear to make the skin fluoresce strongly ; they appeared in ultra-violet 
light, as bright points on the surface of the skin. He thanked Dr. Kaye for his suggestions ; 
other gases than air had not been tried in the ionization measurements. Major Edgcumbe’s 
question as to what exactly was meant by efficiency in the therapeutic effect of the quartz 
mercury lamp, was one of the most difficult questions which had arisen in connection with 
the work. 

Prof. RUSS bore out what Mr. Clark had said about the striking appearance of the sweat 
glands when illuminated by an ultra-violet beam : it ought to be mentioned that after washing 
the part, the fluorescence vanished or at least diminished. 


THE PRESIDENT expressed the thanks of the Society to the authors of the paper. 
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APPARATUS FOR DEEP X-RAY THERAPY. 
By E. E. BURNSIDE, A.M.LE.E. 
(Read March 7, 1922.) 


URING the last decade radiologists have found it advantageous to employ 
X-rays of ever-increasing penetrative power for the treatment of certain 
diseases, also to use rays which are as homogeneous as possible. 

Any beam of X-rays may be considered as analogous to a beam of white 
light composed of varying wave lengths from so-called hard rays to very soft. 
The greater the voltage applied to the tube terminals the higher will be the 
upper limit of the X-ray spectrum and the greater the proportion of hard rays 
emitted for any given consumption of energy. As the tissues of the human 
body absorb the soft rays more than the hard, it follows that the harder the 
radiation the greater amount of X-ray energv it is possible to concentrate 
upon, say, a malignant growth situated at some distance below the surface ; 
and the more homogeneous the beam employed, the greater proportion will 
reach to a depth, and the less will be absorbed in its passage through the tissues. 
To obtain the maximum radiation at some spot it 1s thus desirable to use the 
hardest rays obtainable, and to filter out the softer ones injurious to the skin 
and intervening tissues or, in other words, to use a homogeneous beam of as 
great a penetration as possible. 

I understand that the success claimed for the system of treatment now 
known as the Erlangen technique is due to the very systematic work carried 
out and tabulated at the Frauenchnik in that city using homogeneous rays of 
high penetration. To obtain these radiations two types of tubes have been 
developed, the Coolidge hot-cathode tube, and the self-hardening boiling- 
water tube. The Coolidge tube used is similar to the standard model, but of 
greater length to prevent sparking over of the extremely high voltage neces- 
sary ; it is approximately 3 feet long, and it is designed to work continuously 
at a pressure of 200 K.V. This voltage may be increased by immersing the 
tube in oil as has already been done in France and is so used by at least one 
radiologist in this country. The Coolidge tube at present lends itself better 
to total immersion in oil than the gas tube, owing to the simplicity of its adjust- 
ment. In passing, I may mention that apparatus for the filament current of 
these latest Coolidge tubes requires considerably increased insulation on account 
of the high potential, but both transformer sets and battery-contro] equip- 
ments have already been successfully developed and manufactured in this 
country. 

Turning now to gas tubes, self-hardening and cooled by boiling water. 
Owing to the very long applications employed it is of importance to use a 


136 The Journal of the Rontgen Society. JULY, 1922 


source of radiation which will remain at a constant value for the whole of the 
required time. This no gas type tube will do of itself. To obtain a constant 
vacuum, therefore, the method developed—first in Germany—was to make 
use of the fact that all tubes tend to become harder in course of time, and to 
devise a means of automatically softening them by very small degrees just 
sufficiently to keep the vacuum constant. To do this it was desirable so to 
exhaust the tube that it would harden up rapidly, and it is fortunate that 
the very highly exhausted tubes required to give the hardest rays are the 
tubes in which this natural hardening process will take place the most rapidly. 

The form of softener selected 1s that well known as the osmo-regulator, 
consisting of a palladium tube, which has the property when heated of allowing 
hydrogen gas to pass through it. This form of regulator was selected for two 
reasons, (1) that it is practically inexhaustible, and (2) that it happens to allow 
only hydrogen to transfuse through it. Now as it 1s desired to have a vacuum 
which will always tend to harden, hvdrogen is the best gas to use, as it 1s more 
readily absorbed by the metal parts and glass walls of the tube than any other 
gas. 

The anticathode of the tube is provided with an extra large water chamber, 
which is kept at a constant temperature by so arranging the energy used that 
the water is kept boiling, thus dissipating the heat by ebullition rather than 
by the heating up of cold water. This method not only dispenses with a circu- 
lating water system which would otherwise be necessary, but ensures that 
the anticathode will not attain a temperature higher than 212°F., at which 
temperature it is designed to work. 

These tubes were first made in Germany, but I do not think British manu- 
facturers have been long in making them as soon as a demand arose ; and their 
construction is by no means an easy task. One point I should like to make 
in this connection—every German tube I have seen has been very discoloured 
to begin with, owing apparently to the necessity of seasoning it to ensure that 
it will not soften when first used. The British tubes I have to show you 
to-night are not discoloured to the same extent. I am not prepared to say at 
present that these British tubes are better than their foreign prototype, but 
this lack of discoloration would appear to indicate that the method employed 
to exhaust them in British factories and as a result of British experimental 
work may be better than the German ! 

Turning now to the high-tension apparatus for exciting these very hard 
tubes — this may take the form either of an induction coil or a high-tension 
transformer. Referring first to induction coils—a coil capable of giving a 
spark 18 or 20 inches in air has been common for many years, but one of the 
characteristics of all coils is a rapid drop of potential as soon as any energy is 
taken from it through an external circuit. For radiographic work an actual 


JULY, IQ22. The Journal of the Röntgen Society. 137 


potential exceeding that equivalent to a 5-6 in. spark gap is rarely necessary 
and as a consequence coils capable of giving a 20-in. spark have never been 
required to maintain anything like their maximum potential under practical 
working conditions. For carrying out this new technique, now known as 
deep therapy, the apparatus must not only be capable of passing the current 
required through an exceedingly hard tube backing up a spark gap of 16 or 
more inches, but must be capable of working under these conditions practically 
continuously. Even for one patient an X-ray application lasting five 
or more hours without intermission may be necessary. This requirement 
for apparatus to work practically all day at a maintained potential of between 
200 and 300 K.V. has necessitated the design on much more ample proportions 
than radiographic apparatus, required for use only intermittently. It was 
at once apparent that the successful construction of such apparatus was bound 
up with the problem of insulation and the study of coronal effect from 
small-sized conductors charged to extreme voltages. 


> 


Fig. 1. Oil insulated double coil apparatus. 


The use of any form of solid insulation presents many difficulties, but the 
problem appears to have been solved successfully in the apparatus used at 
Erlangen by most carefully excluding air where it might become imprisoned 
and permanently ionized, and by providing for a circulation of air over all 
exposed parts of the insulation surrounding the high-tension windings. In 
these Continental coils there is an annular space between the two primaries: 
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and secondaries which are arranged vertically, so that this space may be venti- 
lated by convection currents set up by the slight heat evolved during working. 

Alternative to the ventilation of the windings is the exclusion of air entirelv 
by immersing the whole coil in oil—this is the method adopted in the present 
apparatus (Fig. 1), and I am inclined to think that oil insulation is the most 
satisfactoyy solution of the problem. In support of this view we have the 
universal employment of oil in large high-tension transformers constructed 
for power purposes. The oil selected for this apparatus is a fairly thin 
mineral oil as used in power transformers. In taking a temperature test, the 
rise of temperature after eight hours’ continuous working at full power 
amounted to less than 2 degrees Fahrenheit above the surrounding air. 

In the present apparatus the coil is divided into equal parts arranged 
symmetrically side by side, this construction having been selected mainly for 
convenience of mounting in the oil tank. Each half of the coil has a separate 
iron core and primary winding, and the two secondary bobbins are connected 
in series. The arrangement is thus similar to the construction of the Snook 
transformer, except that the iron cores are entirely separate instead of being 
bridged across to form a closed iron circuit. The point at which the two secon- 
dary bobbins are connected together is earthed and forms a convenient position 
at which to insert the milliamperemcter, and the instrument thus not being 
at a high potential may be mounted on the switchboard where it is directly 
under the observation of the operator. There is no danger of shock from the 
instrument, although it is directly in the tube circuit, owing to one pole of its 
windings being directly earthed. 

The interrupter used is of the mercury-jet type with contact blades, etc., 
made of ample proportions. The pump ts constructed with large jets and a 
filter arrangement is provided in the break chamber which prevents the mercurv 
oxide and carbon from the gas di-electric getting into the jets and clogging 
them—the break can therefore be used for long periods without cleaning. A 
temperature test taken on the break chamber, also after an eight hours’ run at 
full load, showed a rise of 28 degrees Fahrenheit above room temperature. It 
may be mentioned that this temperature rise is less than half that allowed for 
ordinary commercial motors under the I.E.E. rating. The break is arranged 
with a Morton mechanical rectifier fitted to an extension of the motor spindle ; 
this is connected in the tube circuit and effectively suppresses all inverse 
current. Condensers for the coil are fitted in a cabinet which serves as a base 
for the interrupter. Rubber tubes for the gas supply to the break are attached 
to nozzles outside the cabinet for convenient connection to the gas mains. 

The controls for the apparatus are arranged on a trolley switch-table, and 
all live parts are sunk below the surface of the slate. When the apparatus 
is supplied for use with Coolidge tubes the filament-current control for these 
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tubes is incorporated in the table itself. An important control for this deep 
therapy work is a fine adjustment for the main current ; such is provided in 
addition to the usual form of stud rheostat and enables the milliampérage to 
be controlled exactly as required. 

An instrument with an empirical scale divided from 0 to 100 divisions is 
also mounted on the switch-table. This is wound like a voltmeter and con- 
nected across the primary of the coil. By plotting a curve or series of curves, 
readings in kilovolts can be obtained. The instrument is not directly calcu- 
lated in kilovolts, as the readings are different for different currents in the tube 
circuit and different speeds of interruptions in the break. These latter vari- 
ables are usually determined once for all and are readily kept constant at any 
rate for any particular treatment, and therefore by the observation of this 
“ kilovoltage indicator,” which is mounted by the side of the milliampéremeter, 
any variation either in the current in the tube or the tension across its terminals 
can at once be detected. | 

Referring now to some other types of apparatus, the practical alternative 
to an induction coil is, of course, a transformer with synchronous rectifier. 
The chief problem in the construction of these machines is the same as I have 
already dealt with in the coil described, namely, insulation, and this also has 
been solved successfully for present requirements by employing oil insulation. 
The rectifier of such an apparatus dealing with 200 to 300 K.V. works out, 
however, to very large proportions if constructed on the usual disc principle, 
and the peripheral speed becomes at any rate undesirable if not mechanically 
dangerous. To overcome this difficulty two discs are arranged to operate in 
series, each dealing with half the potential of the transformer. 

The largest transformer which I know of which has at present been made 
in this country was designed to operate continuously up to a maximum of 
practically 200 K.V., whereas coil units have been made by two or three firms 
capable of working up to nearer 300 K.V. There is, however, no difficulty in 
building transformer machines for the higher pressures up to 300 K.V. at any 
rate, and such will in all probability be made within the next few months, In 
America it 1s not surprising to find that the transformer type of machine is 
advocated almost exclusively, as I believe I am correct in saying that induc- 
tion coils are almost unknown to-day in practical work in that country. I am 
informed that the leading manufacturers in America are now making inter- 
rupterless transformers capable of giving a discharge between points up to 
20 in. One of the prominent firms there is using a large oil-insulated trans- 
former, and the whole machine, including milliamperemeter, a sphere-gap, one 
Coolidge tube and the accessory apparatus for same, costs 88,000, practically 
£1,600 for the apparatus alone at the normal rate of exchange. 

[Reverting for a moment to tubes, Dr. Coolidge has, I understand, 
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developed a tube capable of continuous operation at 280 K.V. as compared to 
200 K.V. at which the existing type of Coolidge tube for deep therapy is 
rated. This tube is, I believe, not at present on the market. ] 

Another American firm use two separate transformers and rectifiers of the 
original Snook cross-arm type connected in series, whilst a third maker is using 
a distributor instead of a rectifier capable of working two tubes simultaneously, 
one phase of the current being passed through one tube and the other phase 
through the second tube. I understand that the American makers are, how- 
ever, mainly using the method of two transformers and two rectifiers in series, 
and I also know of one type of machine which has a multiple secondary winding 
and a multiple rectifier, both therectifier and the transformer being oil-immersed. 
The usual form of rectifier when used in air for these extra high-tension 
machines seems to have been discarded in America for the old cross-arm type. 
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Fig. 2. 

Fig. 2 shows how adisc rectifiercan be constructed so that the electrical advantage 
of this type may be combined with the mechanical advantage of the disc form. 

In Germany Dessauer has developed a type of transformer built in sections 
so that the difference of potential is divided up, that is to say, the secondary 
of one transformer is used to feed the primary of the next. It is claimed that 
this method can be extended to almost any degree and I believe that the appara- 
tus is so made that additional sections can be supplied to cope with possible 
future developments should there be a demand for even higher potentials than 
those at present contemplated. I have little doubt that in the future valuable 
use will be found for X-radiations of even shorter wave length than those pro- 
duced by the type of apparatus I have referred to to-night, until perhaps the 
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gap is bridged between X-rays as we now know them and the hardest gamma 
rays of radium. I believe Dr. Kaye has calculated that rays of equivalent 
wave length to the hardest gamma rays would be generated if a tube were 
excited by a potential of 1,000,000 volts. 

Dr. Coolidge’s Company in America have already made a transformer 
capable of giving this enormous potential, and by the courtesy of the British 
Thomson-Houston Co. I am able to show a photograph of the spark given 
by this transformer. The discharge is said to be capable of being lengthened 
out to 9 ft. in air between points. 

Reverting to the apparatus before you, I would also draw attention to the 
new model tube-stand which serves not only for deep therapy, but is also 
a most convenient and rigid pattern for radiographic purposes. For the latter, 
however, a different form of tube holder is provided with stereoscopic adjust- 
ment, etc. In either case both the vertical and horizontal adjustments are 
mechanically operated, the latter by rack work and the former by means of a 
bicycle chain and sprocket wheel. This construction is, I believe, original and 
is specially convenient, as it permits the whole tube arm to be completely swung 
round the post without foregoing the mechanically operated rise and fall. 
In the stand as fitted for deep therapy the tube shield is supported on trunnions 
at the end of a large wooden fork 2 feet long, providing ample insulation space 
for the high-tension terminals of the tube. The tube shield itself is made from 
a cylinder of highly insulating material lined with a minimum of 6 mm. of lead 
rubber. When using tubes at the extreme potential required it is undesirable 
to enclose them too completely, unless they are totally immersed in oil. The 
protection provided is therefore only that adequate for the patient, the inten- 
tion being that the operator shall be additionally protected at least by separate 
lead screens or by a separate lead cubicle from which the apparatus may be 
controlled. 

In conclusion, my thanks are due to Mr. Datchler, of the American Röntgen 
Ray Society, by whose courtesy I have been able to give some data relative 
to American apparatus—also to Mr. Schall, who has kindly lent me one of his 
automatic gas regulating sets. I also desire to thank Mr. Andrews for 
bringing up one of his boiling tubes, as I wanted to show as many examples 
of British tubes as possible. 

Lincotn County Hospirat.—Lord Yarborough formally presented to Lincoln County 
Hospital, on April 7th, the new X-ray department and pathological laboratory, which has 
been erected and equipped by the Lincolnshire Yeomanry as a war memorial. 

Puysics ın Inpustry.—The Institute of Physics, of which Sir J. J. Thomson, O.M., is 
now president, is arranging for the delivery of a course of public lectures, with a view to indicat- 
ing the growing importance and place which physics now holds in industry and manufacture. 

The first of these lectures was delivered by Professor A. Barr, of Glasgow, on Wednesday, 


April 26th, at 8-0 p.m., in the Hall of the Institution of Civil Engineers. The Rt. Hon. H. A. 
L. Fisher, Minister for Education, presided. 
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A NEW PROTECTIVE MATERIAL, 
By Howarp C. Heap, M.LE.E. 


(Read Feb. 7th, 1922.) 


The necessity for improved protective material in connection with radiological work has 
arisen from the work of the Protection Committee. 

My firm, in co-operation with Messrs. Murray, Parkyn & Co., of Stockport, have been 
carrying out experiments (at the instance of Dr. Morrison, of Manchester) which have enabled 
us to produce a material which has been registered under the name of Parraynite, and which 
can be claimed as a step forward in the subject. 

This substance is made by Messrs. Murray Parkyn in two forms, a pliable form C 
and a solid form F. The former is used for such articles as aprons, nurses’ overalls, the 
lining of existing tube-boxes, etc., while the latter can be built up or moulded in any desired 
shape, such as panel sections, portable screens, etc. 

The composition of Parraynite is a trade secret, which owes much to Messrs. Murray, 
Parkyn’s unique experience in the manufacture of ebonite. The ingredients vary, depending 
whether the solid or pliable form is required. Accurate and careful working is essential if 
the material is to function as a non-conductor, as well as possess a definite equivalent in lead. 

The softening point of Parraynite F is high, yet the material is not unduly brittle in 
its solid sheet or moulded form. 

Parraynite is tested electrically up to 2,500 volts for proof of non-conductiveness, this 
being merely a precautionary measure, as in actual fact the material will resist the much 
higher potentials used in X-ray work. 

Samples of the material have been tested at the National Physical Laboratory, when 
the following results were obtained :— 

Parraynite C (pliable)—(1) 3:1 mm. thickness, equivalent to I mm. metallic lead. 

(2) 5°3mm. thickness, equivalent to 1'7 mm. metallic lead. 

The results were the same whether the applied peak voltage to the tube was Ioo or 120 

kilovolts. 

Parraynite F (solid) 9'9 mm. thickness was found to be equivalent to 1'5 mm. metallic 
lead with an applied voltage to the tube of 100 kilovolts ; and to 1°3 mm. metallic lead 
with an applied voltage of 120 kilovolts. 

I have some samples here of Parraynite C, 4 mm. thick, equivalent to 1:2 mm. of metallic 
lead, and of Parraynite F, 11 mm. thick, equivalent to 2'0 mm. of metallic lead. 

I am also showing a full length apron made of Parraynite C, equal in protection to ı mm. 
of metallic lead. This apron, although weighing about 1g lbs., is far more comfortable to 
wear than the average lead rubber variety, on account of the special supporting system of 
straps designed by Mr. Glover. There is also a nurse’s overall with protection back and 
front made of Parraynite C, 1mm. thick. The tube shield is of Parraynite F and is equal 
to 3 mm. lead. 

Parraynite C can be produced in sheets in any reasonable length and thickness, and in 
any width up to 24in, to 26in. Parraynite F can be produced in sheets up to 43 in. long, 
any reasonable thickness and, if necessary, up to 24 in. to 26 in. wide. 

A point of interest is that Messrs. Murray, Parkyn & Co., have a special process whereby 
Parraynite, vulcanite, etc., can be applied to wood or metals (steel, cast iron, etc.), the method 
of application ensuring a chemical bond between the product and the metal. The effectiveness 
of this bond has been demonstrated by means of radiography. 

Metal work thus covered or lined is tested electrically up to 2,500 volts, to ensure that 
the covering is effective and free from porosity. 


X-Ray Victim Honourep.—The name of Dr. Keating Hart, who lived in Paris, is gazetted 
in the Journal Officiel of June 16th, as having “ deserved well of France and humanity” The 
Order points out that he had specialized for twenty-five years in electrical and X-ray therapy, 
and had rendered great service in research work. During the war he showed the utmost 
contempt of danger while attending to the wounded under bombardment. Injured by ex- 
posure to X-rays he underwent two operations on his right hand, but nevertheless he con- 
tinued his work until his death on January 25th this year. 
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A NEW HIGH-TENSION GENERATOR FOR X-RAY 
AND OTHER WORK 
By Wm. HamMILTon WILSON, M.I.E.E. 
(Read Feb. Tth, 1922). 

HE principles underlying the operation of this apparatus are the outcome 

of research, begun about 1909, on the working of the ordinary Ruhmkorff 

coil. (See “An Experimental Investigation of the Influence of the Conden- 
ser on the Working of a Ruhmkorff Coil, etc.”, by W. H. Wilson, proceedings of 
the Royal Society, A. Vol. 87, 1912, page 69). A method evolved by the 
present author, based upon observations made in the course of that research, 
was described in a paper before this Society in 1911. (See THE JOURNAL OF 
THE RÖNTGEN SOCIETY, July, 1911, page 64. “Improved High-Tension 
Discharge Apparatus,” by Prof. E. Wilson and W. H. Wilson). 

That apparatus depended for its operation on the fact that a circuit 
containing a large amount of inductive energy can be interrupted almost 
sparklessly if its natural period of oscillation is sufficiently great. This result 
was obtained by storing the energy from the supply in an inductance, 
inductively coupled to an oscillating circuit of long periodic time, so that at 
interruption the inductive energy was transferred to a condenser relatively 
slowly. When the energy was all transferred to the condenser, the main 
inductance was short-circuited by a third brush on the interrupter, so that the 
condenser discharged with extreme rapidity through the primary of the spark 
coil. 

In practice, this arrangement had two limitations. First, the frequency 
of interruptions obtainable was comparatively low, as each cycle consisted of 
several operations. Secondly, the extreme rapidity of the condenser dis- 
charge through the primary of the spark coil made it impossible to short- 
circuit the main inductance without sparking. 

Thus it will be seen that this apparatus aimed at making the electrical 
conditions of the primary circuit such that the supply could be interrupted 
by a simple rotary interrupter, thereby attacking from another side the prob- 
lem usually solved by the well-known mercury interrupters, etc. 

The method now about to be described, however, attacks the problem 
from a different standpoint, one of the aims being to reduce the inductive 
energy to zero before the supply circuit is interrupted, so that there is subse- 
quently little or no tendency for a spark to be produced. 

The principles underlying this method are most readily understood by 
reference to the elementary diagram in Fig. 1. In this, a condenser (7) is 
charged through an inductance (2) from a direct current source (3). The 
inductance (2) may consist of the primary of a step-up transformer (2,1), but, 
for the moment, the secondary winding (1) is treated as being on open circuit. 
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The condenser (7) has across its terminals another inductance (8). The supply 
circuit is closed by the interrupter (4). 

Thefresistance of the condenser charging circuit is made small, so that at 
the first closing of the supply circuit, the charging current is oscillatory in 
character. If the current through the shunting inductance (8) is neglected, 
the equation for the charging circuit is :— 

Ven eR + s0 ee A 

Where V is voltage of supply, L, and R, the inductance and resistance 
respectively, of the step-up transformer primary, and q is the quantity of 
electricity in the condenser of capacity K. | 

The solution of this equation gives :— 


q=—KV [1- e (cos pt + 3 sin Bt) } .. ne (b) 
R, 
WHEE a 
l R,? 
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The equation (b) shows that at the end of the first half wave of the charging 
current, where the resistance of the supply circuit is negligible, the condenser 
will be charged to a pressure—2 V. (See C. P. Steinmetz. Transıent 
Electric Phenomena and Oscillations, page 60). At this instant of time the 
current from the supply source will be zero, hence the energy stored, 4 L,C#, 
in the inductance (2) is also zero, and the interrupter (4) can break the supply 
circuit without spark. The charge trapped off in the condenser (7) will then 
be free to oscillate upon the inductance (8) at the natural frequency of this 
circuit (7,8). At the end of the first half wave of this free oscillation, if the 
losses during the reversal of charge have not been appreciable, the condenser 
(7) will be charged to a reverse sign of practically 2V. If the interrupter be 
arranged to re-close the circuit at this instant of time, the voltage of the 
condenser (7) will be added to that of the supply, so that the pressure impressed 
on the primary inductance (2) will be 3V. Thus during the second period, 
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when the circuit is closed, the amplitude of the oscillation through the supply 
to the condenser (7) will be much greater than during the first cycle, so that 
at the end of this second charging half-oscillation, the condenser will be charged 
to a pressure of practically 4V. It will be seen, therefore, that by arranging 
the periods of the closing and opening of the circuit to correspond with the 
resulting oscillations in the two circuits, a state of resonance is brought about. 
This results in a greatly increased E.M.F. being impressed on the primary 
of the step-up transformer during each period of make, than would be so if 
the supply source acted alone. In addition, there is little or no tendency to 
spark at the interruption of the supply circuit, since this always occurs when 
the supply current, and consequently the inductive energy, is at or near zero 
value. 

In the above statement the current through the shunting inductance 
(8), during the period of make, has been ignored for the following reasons : 
The practical operation of this method requires the inductance (8) to be rela- 
tively so large that with the very short time during which the circuit is closed, 
the magnetizing current sent through it by the supply circuit during the first 
cycle is exceedingly small. At the beginning of the second cycle, however, 
the pressure of the condenser exceeds that of the supply source ; hence, during 
the second closure of the supply circuit, and during the corresponding periods 
of all subsequent cycles, current will flow through the shunting inductance 
(8) in the opposite direction to that which would be produced by the supply 
source. 

It follows, therefore, that when the system reaches a steady state of 
equilibrium, the inductance (8) plays no part in absorbing energy from the 
supply source, its sole function being to enable the condenser charge to be 
reversed during the interval when the supply source is interrupted. 

In a patent No. 6307 of 1905, Grisson has described an arrangement using 
a motor-driven mechanical device for reversing the connections of a charged 
condenser, so that its voltage is added to that of the supply, in sending current 
through the primary of a spark coil. 

If, now, the spark gap in the secondary (1) of the step-up transformer 
(2,1) be closed sufficiently for a spark to pass, the same general conditions will 
hold ; but the time of the charging oscillation from the supply to the condenser 
(7) will be shortened, as the re-action of the secondary (1) has reduced the 
effective inductance of the primary (2). For this reason, the interrupter must 
be re-adjusted, so that it closes the circuit for the shorter period now required. 
Actually to secure theoretically perfect working of the interrupter, the adjust- 
ment of the time of ““ make ” will have to be made each time the load on the 
secondary (1) is varied. Practically, however, it is possible to design the 
circuits so that reasonable variation of the load may be made without unduly 
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upsetting the working of the interrupter. The interrupter is provided with a 
simple adjustment whereby the time of contact may be altered should the 
Ioad be varied beyond this limit. 

In the elementary diagram of Fig. 1, the condenser (7) would have to be so 
exceedingly large with ordinary voltages of supply as to make the apparatus 
unwieldly. If, however, a step-up transformer, usually termed a “ buffer ” 
transformer, is used in place of the simple inductance (8), and a condenser is 
placed across its secondary, this condenser may be reduced to less than 1 micro- 
farad capacity, assuming that the ratio of the “ buffer ” transformer is suitable. 
The apparatus thus becomes very compact. A further advantage is also 
gained owing to the condenser (7) being inductively coupled to the primary 
circuit, so that the coupling need not be too tight. This arrangement is shown 
diagrammatically in Fig. 2, in which (5,6) is the “ buffer ” transformer. The 
general characteristics of this arrangement are similar to those of the elemen- 
tary diagram in Fig. 1, except that the condenser acts inductively on the 
primary circuit. 


Current in supply(d) & tn 
primary(2) of spark coil 


m~- O00428 SEC | 


I — a er 
Maker, ‚ „Break Make’ 
X Je 
k, th Current in ‘secondary (1) 
\ / of spark coil 


@ 
\-~— — Current in secondary(C) 
of buffer-transformer 


Fig. 3. 

Fig. 3 shows experimentally obtained curves of the arrangement in Fig. 2. 
It will be noted in these that after the closing of the supply circuit for -000428 
second, the current comes to zero just at the instant that interruption takes 
place. It will also be seen that the amount of inverse current sent by the 
secondary across a plain gap, without any rectifying device, is relatively small, 
about 16 per cent. By passing the current through an oscilloscope tube, the 
practically uni-directional character of the discharge is shown. 

The behaviour of the apparatus in this respect is a good deal influenced 
by the design. Contrary to what happens in the ordinary Ruhmkorff coil, the 
discharge in this apparatus occurs during the period when the supply circuit 
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is closed. This will be seen on reference to Fig. 3, and it may also be shown 
experimentally by using „the step-up transformer (2,1) to charge a condenser, 
the spark from which is caused to illuminate the interrupter. The interrupter 
then appears to be stationary with its contacts under the brushes, which 
position it occupies when the supply circuit is closed. 

Fig. 4 is an illustration of the complete apparatus with the step-up trans- 
former, or spark coil, mounted on the top. The buffer transformer, buffer 
condenser, and motor-driven interrupter are housed within the base, making 
a compact and portable piece of apparatus, weighing approximately 40 lbs. 

This apparatus is capable of giving a 10-inch spark, and operates from a 
50-60 volt portable battery. The motor interrupter is arranged to give 650 
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+ 


— 
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Fig. 4, 
sparks per second. The total input at 50 volts is 500 watts, with which power 
the secondary is capable of passing 15-20 milli-amps., through a tube of 3-inch 
to 4-inch equivalent gap. 

The maximum voltage is applied to the tube at tħe instant of closing the 
supply circuit, at which instant the discharge through the tube commences, 
and it is to be expected that fhe discharge will be very efficient in the pro- 
duction of X-rays of good penetration. Photographic exposures are much 
shorter than would be expected with an apparatus of this size, as may be seen 
from the illustrations herewith ; while for screen work, the high frequency 
and regularity of the discharges are particularly suitable. The apparatus 
shown here is only arranged for variation of the input by means of variation 
of the supply pressure, but alternatively this can be performed by tappings 
on the transformer windings. 

Although this system has been in use in the Author’s laboratory for 
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X-ray work since 1913, it is only recently that manufacture of the apparatus 
for this purpose has been undertaken. The system was, however, extensively 
used for wireless telegraphy transmitters during the greater part of the War, 
and since then it has been used for commercial wireless telegraph sets in 
considerable numbers. 

The apparatus shown is designed for portability and does not represent 
the largest size and output of which the system is capable as there is no diffi- 
culty whatever in increasing this apparently indefinitely ; while even the 
apparatus shown may be satisfactorily used for outputs up to 30 milli-ampéres. 

It should be mentioned that the filament current for the operation of 
Coolidge tubes may be obtained from an additional secondary winding on the 
step-up transformer. 


PROCEEDINGS OF THE RONTGEN SOCIETY. 


A SpecıaL GENERAL MEETING of the Society was held at the Institution of Electrical 
Engineers, Victoria Embankment, W.C.2, on Tuesday, March 2ıst, 1922, at 8-15 p.m., the 
President, Prof. J. W. Nicholson, M.A., D.Sc., F.R.S., in the chair. The fifth Silvanus 
Thompson Memorial Lecture was delivered by Sir Oliver Lodge, F.R.S., on “ Magnetism— 
and the Ether.” 

THE PRESIDENT :—Ladies and gentlemen, as you are aware, this is not an ordinary 
meeting of the Society, but a meeting which occurs only once in every session and at which 
we welcome our Silvanus Thompson lecturer. We have been fortunate in our first four Silvanus 
Thompson lecturers, and are now specially fortunate in having secured Sir Oliver Lodge to 
give the fifth. I am just as much in the dark as everyone here, as to exactly what Sir Oliver 
is going to tell us to-night, but I am quite confident that he is going to tell us something of 
peculiar interest. I am a little attracted, as well as puzzled, by the title which he has sug- 
gested for his lecture, * Magnetism—and the Ether.” There is a pause between the word 
“ Magnetism ” and the rest of the title; I hope Sir Oliver will talk about the ether to some 
considerable extent. As many of those here will be aware, there is a school of physics now 
which tries to dispose of the ether altogether and which says we can get along very well without 
it. I refer, of course, to relativitists ; I am not one of those. I do not mean that I am not 
a relativitist in the ordinary sense, but I am one of those people unable to think of physical 
space at all without an ether in the background which propagates phenomena. Sir Oliver 
Lodge has been many things; he has been a protagonist of many physical theories, but I 
think that at present we may regard Sir Oliver Lodge as the protagonist, primarily, of one 
particular point of view, namely, that the fundamental basis of all physics is the existence 
in some quite real sense of an ether. Those of us who range ourselves with Sir Oliver are 
sometimes accused of being old-fashioned ; I do not know that I am old, but I am old-fashioned 
in this sense, that I am one of those who heartily sympathize with him and heartily hope 
that he will be able to establish his point of view, which is essentially my own. So I hope 
that Sir Oliver will particularize to-night on the second part of the subject of his lecture rather 
than on the first. I have to express to Sir Oliver the pleasure which | know all members 
of the Society feel at having him as our fifth Silvanus Thompson lecturer. I feel quite sure 
we are about to have an extremely happy evening, and I will call upon him at once to deliver 
his lecture. 

Sir OLIVER LODGE then delivered his lecture (p. 103). 

* * * * 


A GENERAL MEETING of the Society was held at the Institution of Electrical Engineers, 
ictoria Embankment, W.C.2, on Tuesday, April 4th, 1922, at 8-15 p.m., Dr. G. H. Rodman 
(Past-President) in the chair. 
After the election of new members (p. 149), a paper on “ Electrical Measuring Instruments 
commonly employed by Radiologists ” was read by Major Kenelm Edgcumbe, M.Inst.C.E., 
M.L.E.E. 
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A GENERAL MEETING of the Society was held at the Institution of Electrical Engineers, 
Victoria Embankment, W.C.2, on Tuesday, May 2nd, 1922, Dr. G. H. Rodman (Past-President) 
in the chair. 

After the election of new members (below), a vote of condolence to the relatives of the 
late Sir Alfred Pearce Gould was carried on the motion of the chairman. 

The following cinematograph films were exhibited :— 

(i) “ Preparation of Radium from Carnotite Ore,” illustrating the mining and trans- 
portation of the ore and the extraction of radium from it. 
Exhibited by Messrs. Watson & Sons (Electro-Medical) Ltd. 

(i) “ X-Rays,” dealing with their uses. 
Exhibited by The British-Thomson Houston Co., Ltd. 


NEW MEMBERS. 
April 4th, 1922. 


Gerald Dean, Volta House, Leigham Vale, Streatham, London, S.W.16. 
Proposed by G. W. C. Kaye, seconded by E. A. Owen. 


May 2nd, 1922. 

Douglas Quick, B.M., 350, Park Avenue, New York City, U.S.A. 
Proposed by J. T. Case, seconded by H. M. Imboden. 

Bertram Vincent Storr, M.Sc., F.I.C., 26, The Square, Ilford, London, E. 
Proposed by G. H. Rodman, seconded by Russell J. Reynolds. 

Miss Elsie Anderson-Lovie, 45, Mellows Road, Wallington, Surrey. 
Proposed by R. E. V. Ely, seconded by Cuthbert Andrews. 

Charles J. Heaton, M.D., M.R.C.S., L.R.C.P., “ Verulam,” Westgate-on-Sea. 
Proposed by G. B. Batten, seconded by N. S. Finzi. 


WAKEFIELD.—A new X-ray apparatus was formally opened at Clayton Hospital, Wake- 
field, in May, by Sir Ed. Brotherton, by whom it has been presented. 


SHEFFIELD.—Dr, Harwood Nutt, who as radiologist at Sheffield Royal Hospital did 
brilliant work during the war in X-ray treatment of wounded Servicemen, has contracted 
X-ray dermatitis in his hands. His health is so seriously threatened that he has been com- 
pelled to give up his practice. He has left Sheffield for a four months’ sea voyage. 


MaATLocK.—As an indication of the peculiar palate possessed by some people, it is 
interesting to learn that since Ist January this year cases have been admitted to the Infirmary 
of patients who variously have swallowed the following delectable comestibles (?)—a nail, 
a florin, a hairpin, halfpennies, a small padlock, a toy pig, four cases of swallowed whistles, 
and lastly a “ Put and Take.” 


X-Rays anp Crime.—The Daily Mail recently recorded the strange case of a woman 
who, by means of X-rays, was discovered to have swallowed two stolen rings. This journal 
also recalls another instance in which the interior of a criminal was examined by the agency 
of the rays ; in this case it was a Berlin burglar who had swallowed a bunch of skeleton keys. 
Radiology is likely to become an unpopular science to members of this industry. 


Licutinc oF X-ray DEpARTMENTS.—At the meeting of the Illuminating Engineering 
Society, on April 27th, a discussion was held on the illumination of hospitals. Among other 
matters reference was made to the bad lighting often given to rooms containing X-ray installa- 
tion. The question of the damaging effects on lamp filaments by adjacent high-tension 
leads and coils was also brought up and it was pointed out that the effect could be remedied 
by placing an ordinary galvanized iron guard over the lamp. 


InstiruTeE oF Puysics.—The second of the “ Lectures on Physics in Industry ” will 
be delivered by Sir Alfred Ewing, and will deal with “ The Physicist in Engineering Practice.” 
This lecture will be given on Tuesday, July 4th, at 5-30 p.m., at the Institution of Electrical 
Engineers, Victoria Embankment, W.C.z, Sir Charles Parsons, vice-president, will preside. 

qUhe third lecture will be given by Mr. Clifford Paterson, on October 18th, and will deal 
with “ Physics in Electrical Engineering.” Sir J. J. Thomson, president, will preside. 
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REVIEWS. 


“ The Emission of Electricity from Hot Bodies.” 2nd edition. By Prof. O. W. 
Richardson, F.R.S.. (Longmans). 320 pp., 35 Figs. 16s. nett. 

Prof. Richardson’s pioneer work at the Cavendish Laboratory and else- 
where, on what is now generally known as thermionics, has since found enormous 
application in the wireless valve and the Coolidge tube. No better illustration 
of the unexpected value of pure research is ever likely to occur. The emission 
of electrons from hot bodies is now known to be a pure function of the tem- 
perature, a fact the truth of which was formerly questioned by a number of 
workers, but was pertinaciously upheld by the author. The new edition of 
this book contains a valuable account of the researches associated with the 
extraordinary development of the subject. The index is inconveniently 
divided into subject and name sections. 


* * * * 


“ Absolute Measurements in Electricity and Magnetism.” 2nd edition. By 
Prof. Andrew Gray, F.R.S. (Macmillan). 837 pp., 259 Figs. 42s. nett. 
Prof. Gray has revised and extended out of recognition the first edition 
of his classical treatise. Physicists are under a great obligation to him for the 
monumental labour and meticulous care which he has brought to bear on what 
must have been a labour of love. Despite a remark in the preface, even X-ray 
workers are in a position to recognise the great value of this work to physicists, 
and to realize Prof. Gray’s unique qualifications to bring up to date a book on 
this subject. From the nature of things so complete a treatise demands an 
exhaustive review; and space forbids. We must reluctantly rest content 
with recommending our readers to study the work, and with remarking that 
an index of unusual excellence will guide them to the wealth of information 
which Prof. Gray has skilfully digested and set forth. G.W.C.K. 


* * * * 


“ Rays of Positive Electricity.” 2nd edition. By Sir J. J. Thomson, O.M., 
F.R.S. (Longmans). 234 pp., 42 Figs.; 9 plates. 16s. nett. 

The work at the Cavendish Laboratory on positive rays has led to such 
remarkable results in atomic physics that the appearance of the second edition 
of this book is most opportune and welcome. With that insight which has 
always been so outstanding a feature of his investigations, Sir J. J. Thomson 
began some fifteen years ago a series of researches on the positively charged 
atoms whose existence has long been known to workers on discharge tubes. 
The accumulated results of this work together, with those of one of his students 
—Dr. Aston--are second only in importance to Sir J. J. Thomson’s previous 
discovery of electrons—again at the Cavendish Laboratory. We have only 
space to take the opportunity of putting on record our sense of the obligation 
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under which physicists have been placed by the Master of Trinity for setting 
out for their benefit an account of the researches which form the subject matter 
of this book. 


* * * * 


“The Principles of Radiography.” By J. A. Crowther. (J. & A. Churchill). 
138 pp., 55 Figs. 7/6 nett. 

In this little book the author deals with “ the physical principles involved 
in the production of a radiogram, and in the construction and use of the appara- 
tus employed for the purpose.” The subject matter is based on lectures given 
at Cambridge in connection with the Radiology Diploma. As an introduction 
to the subject the book will undoubtedly find a place on the radiologist’s book- 
shelves. The treatment is throughout thorough and attractive, a result to 
which the numerous diagrams contribute. The aim of the book has not led 
to the introduction of references to original works, but the case might well have 
been met by the presence of a short bibliography of more advanced works or 
monographs. The index could usefully be expanded. G.W.C.K. 


x * * * 


“ Atomic Theories.” By F. H. Loring. (Methuen). 218 pp., 66 Figs. 12s. 6d, 
nett. 

Radiologists and physicists generally will welcome this book, which has 
aimed at bringing together and setting out the various present-day theories of 
the atom. The author has put an immense amount of work into the book, 
contenting himself mainly with collecting material. In the circumstances the 
treatment is probably as good as was possible; and students will be 
grateful to Mr. Loring for setting out the position of things so clearly. 
References are given throughout to original papers. The index is divided into 
name and subject sections—a plan now gencrally recognised as not being the 
most convenient for the reader. | 


* * * * 


“An Essay on the History of Electro-therapy and Diagnosis.” By H. A. Colwell. 
(Heinemann, Medical Books). 180 pp., 115 illustrations. 17s. 6d. nett. 

This book, dedicated to Robert Knox, is a very pleasing addition to the 
literature of British electro-therapy. The author combines an attractive 
literary style with a scholar’s critical insight and sets out the history of the 
subject in a most interesting fashion. No student can fail to be impressed in 
reading how electro-therapy, bornin mysticism and cradled in charlatanism, 
finally “ found itself,” like Kipling’s Ship, and took its rightful place among 
the beneficent sciences. We hope the author enjoyed writing the book as much 
as we enjoyed reading it. Our only criticism would be on the score of the 


high price. G.W.C.K. 
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Electro-Radiographic Diagnosis. By Howard Riley Raper, D.D.S. 
(Kempton). Price 18/-. 

This is a book dealing with the examination of the teeth only. The 
author’s main object is the presentation of an electrical method of dental 
pulp testing, and the diagnostic use of this method in conjunction with X-ray 
examination. So far as we can see, all the points in favour of the dental 
electrical test are forcefully put ; it is, however, a method which is little, 
if at all, used in this country. The skiagrams generally are well reproduced. 

As regards the style of writing, it has, to say the least, surprised us, though 
we presume it is written in the very finest “ Neo-American,” if such a term 
be permissible. There is generally said to be a fit and proper place for all 
things, and we venture to think that no good end is served—or can ever be 
served—by the adoption in a professedly scientific treatise of a “style” (!) 
which produces the impression of flippant familiarity combined with awkward 
and inelegant pedantry. What useful purpose is served by the coinage of 
such terms as radiodontia we leave to their users to determine. 

We are emboldened in making these observations by the circumstance 
that we have the best testimony to the fact that this style of writing is not 
entirely appreciated on the other side of the Atlantic. It is perhaps only 
fair to the publishers to say that the book 1s printed in America, but we think, 
nevertheless, that these exotics should be rigorously banned from works 
published in this country. H.A.C. 


* * * * 


Les nouvelles méthodes d’examen du ceur clinique. By R. Lutembacher. 
(Masson et Cie.) pp. vii+186. Price 2 francs. 

This book, as its name implies, deals with modern methods of examina- 
tion of the heart. It commences with an account of the general structure 
of the heart, considered especially with reference to its innervation and muscu- 
lature. The section on the electrocardiagraph is short and is indeed merely 
a brief and not very adequate summary, moreover, neither diagram nor 
illustration of the apparatus is furnished. The section dealing with the 
X-ray examination of the heart contains a carefully executed series of diagrams, 
but no skiagrams are given. The anatomical illustrations are of interest 
and are well reproduced. H.A.C. 


* x * * 


“ Radiations from Slow Radium”. By J. B. Kramer (Bailliere, Tindall & Cox). 
105 pp., 53 Figs. 
This book contains an account of the curative properties of weak radio- 
active preparations. The volume is not without its useful features, but in our 
opinion it possesses a most unfortunate title. 
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EDITORIAL NOTES 


Ihe New Session. 

The new session opens on Tuesday, November 7th, under the Presidency 
of Sir Humphry Rolleston. The mectings will again be held at the Institution 
of Electrical Engineers, Victoria Embankment, W.C.2. 


Among the arrangements for the new session are a Special Meeting at 
Manchester on November 17th and 18th, and a Joint Meeting with the Physical 
Society in February. It is also proposed to devote an evening to a discussion 
on “* Protection.” 


Prof. Nicholson. 


The Society will wish to congratulate the retiring President, Prof. Nicholson 
on his marriage during his year of office. 


Prof. Bergonté. 

We regret to learn that Prof. Bergonié, who was recently in this country 
at the Congress of Radiology, has had to undergo a serious operation on account 
of X-ray injuries. He had already suffered the removal of several fingers, and 
now his right arm has had to be amputated. Our deep sympathies are extended 
to him. 


Professor Salomonson. 

As we go to press, we greatly regret to hear of the sudden death, on Sept. 
16th, of Prof. J. K. A. W. Salomonson, Vice Chancellor of Amsterdam 
University, and an Honorary Member of the Society. 


The list of X-ray victims ıs now a long one, and those hospitals and 
similar institutions in this country which are delaying putting the recom- 
mendations of the “ Protection Committee ” into force, are incurring a grave 
responsibility which may cost them dearly. Incidentally we note in the 
British Medical Journal, a letter pointing out the necessity of protecting 
operators against the X-rays from valve tubes. 
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A BALANCE METHOD OF MEASURING X-RAYS FOR 
THERAPEUTIC PURPOSES. 


By Prof. S. RUSS, D.Sc., and L. H. CLARK, B.Sc. 
(Read June 13, 1922). 


Various methods are in use for measuring X-rays for therapeutic purposes, all the various 
'nstruments having their advantages and disadvantages. The present method is an ionization 
one, but the only advantage over existing methods which the authors claim for it is that it is 
a balance method. It does not entail discharging an electroscope and timing it over a scale. 
The method consists in balancing the ionization produced by X-rays against a standard radia- 
tion which is provided by a very small amount of radium. 

The device consists of a small ionization chamber, which is fixed inside and electrically 
connected to a small metal box. The outside of the box is connected to a source of voltage 
of about 200 volts. The ionization chamber is provided with a small electrode, which is 
connected by a wire through insulators to an ordinary gold-leaf system some distance away. 
If X-rays are allowed to enter the small ionization chamber, there will be an accumulation 
of ions at the small electrode and the leaf in the other chamber will charge up; it will be 
deflected upwards, and in a very short time will reach the maximum voltage. If radium is 
then brought to the outside of that chamber, one can balance the leaf just where one wants it. 

The question is, what advantages are there in such a method? It will, on principle, 
appeal to most physicists because one cuts out a timing operation ; one simply balances a 
radiation by means of a standard radiation, and that seems to be an advantage. The second 
question to be answered is, how accurate is such a method ? There are one or two rather 
interesting things to be noted in that respect. One notices a very different behaviour of the 
leaf according to whether one has saturation or not. It is important to have saturation 
conditions. It is found that 200 volts is quite adequate ; in fact, for an instrument of the 
dimensions shown, 180 is quite adequate for saturation. There seems to be little difhculty 
in getting an accuracy of I per cent.,in spite of the fact that there are other things in the working 
of the apparatus which cause oscillations of the leaf. One has to be careful not to balance too 
near the actual voltage that the leaf can get up to. One starts with the insulated system 
earthed and it has got 200 volts between the terminals to start with. As the leaf begins to 
deflect upwards the voltage between the terminals will be lowered. If one is not careful one 
will reach a very steady balance, but not have saturation conditions. If one obtains a balance 
with a very small quantity of radium half way to the maximum voltage, one can still retain 
saturation. It will be understood that the model now shown is only a laboratory one, and 
it is a question whether the method is worth developing. The first point of interest in con- 
nection with the use of radium is whether a great deal of it has to be used. Using a and ß 
radiation it is found that considerably less than one-tenth part of a milligramme is quite 
adequate for balancing the radiation from a Coolidge tube at the ordinary work ng distance. 

Prof. Russ then proceeded to demonstrate the working of his apparatus. 


Rapıum Reseed: —At a mecting of the Governors of the London Hospital, on June 
7th, it was announced that at the request of the Medrcal Research Council of the Ministry of 
Health, the Committee had consented to the carrying out of organized research into the actions 
of radium, both as to its benefits and danger. The work would be undertaken by Dr. Sequeira, 
Mr. Gordon Luker, and Prof. Turnbull. 


Rapium IN BELGIAN Conco.—During the war British geologists discovered exceptional 
quantities of radium in fragments of colcobite, sold in London by a Belgian coming from the 
Belgian Congo. Efforts to trace the former owner of the specimens failed, and the exact spot 
where the mincral had been found was not determined. The Effort du Katanga, an Elizabeth- 
ville newspaper, states that radium has now been discovered in the Belgian Congo, and that a 
special mission is to be sent to investigate the importance of the discouery<- Financial Times. 
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THE ELECTRICAL MEASURING INSTRUMENTS 
COMMONLY EMPLOYED BY RADIOLOGISTS. 
THEIR CONSTRUCTION AND USE. 


By Major KENELM EDGCUMBE, M.I.E.E. 
(Read April 4, 1922.) 


It has been said that progress in any science is directly proportional to the 
accuracy with which measurements can be made therein, However this may 
be, there is no doubt. but that the great strides which have been made in elec- 
trical engineering are very largely due to the ease with which the quantities 
involved can be measured. For example, ordinary industrial measurements 
of voltage can be made with robust direct-reading instruments to well within 
one part in a 100, or with a few refinements to one part in 500. Asa result, the 
engineer has been led to express as many as possible of the quantities with 
which he has to deal in terms of electrical units, for example, the output of 
an electric motor is often expressed in so-called “ electrical horse-power,”’ 
electric lamps are rated in watts rather than in candle-power, and soon. In 
the domain of radiology, it seems open to question whether all the use possible 
is yet being made of the facilities which exist for electrical measurement. 
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Fig. 1. Moving Coil Instrument. 
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At any rate, it is hoped that a brief account of the underlying principles 
of some of these instruments may be of interest. 


Direct Current Measurements. 


Moving-coil Instruments. For direct-current measurements the moving- 
coil instrument is to be preferred to all others. Fig. 1 shows the construction 
of one of these. A horse-shoe permanent magnet P.M. produces a strong 
magnetic field in the narrow air gap between the polepieces P.P. and the 
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central iron core C. The core and the polepieces being concentric, the magnetic 
field is radial and in this field swings a coil of wire W, carrying a pivot at each 
end and working in jewelled bearings, so as to minimize friction. If a current 
of electricity is sent through the winding W it tends to rotate it with a force 
which is proportional to the strength of the current. The movement is opposed 
by the light spiral spring S, so that the deflection of the coil from its position 
of rest is proportional to the current passing. The pointer P indicates this by 
its position on the scale, which can be marked off direct in ampères, milli- 
ampères, etc. The coil W is wound on a copper or aluminium frame in which, 
as it moves through the magnetic field, eddy-currents are induced, and these 
by their inter-action with the magnetic field tend to damp out any sudden 
oscillation—or, in other words, render the instrument ‘‘ dead-beat,” which is 
a most important feature. The lever Z enables any small adjustment of the 
zero which may be necessary to be readily made and should be accessible from 
outside the case. 


Fig. 2. Connections for Moving-Coil Fig. 3. Connections for Moving-Coil 
Voltmeter. Shunted Ammeter. 


The moving-coil instrument is not only capable of measuring current, 
but, in common with other ammeters, is equally applicable to the measure- 
ment of voltage by the simple expedient of connecting a high resistance in 
series with it. Since, according to “ ohms law,” the current flowing through 
a fixed resistance is directly proportional to the voltage at its terminals, it is 
possible to scale the instrument to read in volts instead of in amperes. A 
moving-coil instrument, so connected, is shown in Fig. 2, where R ıs the 
series resistance. Such an arrangement is capable of extreme sensitiveness. 
In the industrial form it only takes about 10 milli-amps. as a voltmeter, 
and if greater sensitivencss is desired this can easily be arranged. 
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The moving-coil winding and, above all, the springs or ligaments which 
serve to lead the current into that winding are obviously only capable of 
carrying a limited current, say half an ampére as a maximum, and for measure- 
ments of currents higher than this the instrument is “‘ shunted ” by a resistance 
of such a value that the current to be measured divides itself between this 
resistance and the instrument winding, in such proportions as to give the range 
required. For example, if it is desired to measure up to 10 ampéres and the 
moving-coil with its leading in connections has a resistance of 1 ohm. and 
requires 100 milliampéres for full deflection, then a shunting resistance of 
1/99 ohm. is necessary. The connections for this arrangement are shown in 
Fig. 3. If a resistance, R, having a value of 1/99 ohm. is connected in shunt 
with the moving-coil and 10 ampéres passed through the combination, 100 
milli-amps. will flow through the winding. The scale is usually so graduated 
as to read the total current flowing in the circuit—in this case 10 ampères. 
The provision of shunts of different resistances, which can be connected in 
circuit by means of a switch or plug, forms a ready means of obtaining any 
required number of current ranges on a single ammeter. 

Simple as these arrangements appear, there are a number of precautions 
which have to be taken before a satisfactory instrument can be produced. 
In the first place, the deflecting forces are extremely small so that great delicacy 
of pivoting is essential, moreover, a weakening of the magnets or of the 
controlling springs has a serious effect on the accuracy,so that both have to 
be very carefully designed and artificially aged before being embodied in the 
instrument. ! Another trouble experienced with a badly designed moving-coil 
instrument lies in the effect which temperature has upon the readings. It is 
clear that unless the total resistance in a voltmeter (Fig. 2), and the relative 
resistances of winding and shunt in a shunted ammeter (Fig. 3), remain constant, 
the readings will be meaningless. The coil is always wound with copper wire 
in order to save space, and copper increases in resistances by about 4 per cent. 
for every degree Centigrade rise of temperature. It is essential, therefore, 
that the resistance R in Fig. 2 should have a high value compared with that 
of the copper winding of the coil and should be made of some material which 
does not change its resistance with temperature. If this is done, any varia- 
tion in the resistance of the copper coil itself will be “ swamped ” out and the 
effect on the reading of any change in that resistance will be negligible. In 
the case of the ammeter the same result is obtained by making the resistance 
R (Fig. 3) of a material whose resistance is independent of temperature and, 
at the same time, connecting a sufficiently high ‘‘swamping” resistance z7, 
likewise independent of temperature, in series with the coil itself. 

A point of some importance in a moving-coil instrument is that it is 
“ polarized,” that is to say the direction of the deflection depends upon the 
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direction in which the current flows through the winding. For this reason, 
such instruments cannot be used for the measurement of alternating current. 
When the direct current is likely to reverse its direction they are often provided 
with a zero in the centre of the scale and they then serve to indicate, not only 
the value of the current, but also its direction. 


Moving-tron Instruments. 


Fig. 4 shows the working parts of a well known form of moving-iron 
instrument. The current to be measured passes through the winding C, inside 
which is a fixed curved piece of saft iron (FT). The moving-iron (MT) is 
connected to the spindle which runs in jewelled bearings, B, .at each end and 
carries the pointer, P. The irons FJ and MI become magnetized by a current 
flowing in the coil C and mutually repel one another with a force which increases 
with the value of the current, and causes the pointer to move over the 
scale. The movement is opposed by a spiral spring, S, so that the point of 
equilibrium depends upon the strength of the current flowing. Above the 
coil will be seen a sector shaped box D. In this, a light aluminium vane, 
attached to the spindle, moves to and fro and in so doing damps out any oscilla- 
tions and renders the instrument deadbeat in its action. This is an important 
feature and should always be insisted upon. 


Fig. 4. Moving-Coil Voltmeter. 


In the particular instrument shown in Fig. 4 the deflection is controlled, 
as has been said, by a spring (the zero being adjustable by means of the lever 
Z), but for many purposes a gravity control is provided and this consists of 
alight arm carrying a control weight. When in the zero position this weight 
hangs vertically downwards and is raised more and more as the deflection is 
increased, thus giving the requisite control. A disadvantage of this arrange- 
ment is that the instrument must always be used in a vertical position. 
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Comparison of Moving-cotl and Moving-tron Instruments for Direct Current. 

As has been said, the moving-coil instrument is much to be preferred 
for direct current measurements, in view of the fact that the moving-iron 
pattern is subject to certain limitations when used for such measure- 
ments, thus it is well known that if a piece of soft iron is magnetized by a 
coil carrying a current the iron will exhibit stronger magnetization when the 
current has been reduced to a given value from a higher one than if it has 
been raised to that same value from a lower. This effect is known as 
“ hysteresis ” and, owing to its operation, if the current in a moving-iron 
instrument is gradually brought up to a given value the reading will probably 
be 1 per cent. or 2 per cent. less than if it had been brought down to that 
current. The effects of temperature in voltmeters are, also, somewhat more 
difficult to eliminate than with the moving-coil type, owing to the much 
greater resistance of the winding itself, which is consequently more difficult 
to “swamp” out. In the case of the ammeters, on the other hand, the 
whole current may be passed through the winding, so that there is no tempera- 
ture error due to this cause. | 

For alternating current measurements the moving-iron instrument 
stands alone and even for direct current measurements, in all cases in which 
great accuracy is not essential its cheapness and simplicity make it a most 
valuable instrument. 

Hot-wire Instruments. 

The hot-wire instrument is available for direct current measurements, 
but it possesses no advantages over the moving-coil and moving-iron, in 
fact quite the reverse, so that it is seldom used for the purpose and it will be 
described when dealing with alternating current instruments. 

Alternating Current Measurements. 

For this purpose the moving-iron and hot-wire patterns are the most used. 
M oving-iron Instruments. 

From the description already given of the moving-iron instrument (Fig. 4), 
it will have been evident that it ıs as suitable for alternating current as 
for direct current, in fact, owing to the rapid reversal of the current through 
the winding the disturbing effects of hysteresis are negligible at all ordinary 
alternating current frequencies. In the case of voltmeters, however, the self- 
induction of the coil introduces a trouble of its own, ın that it increases the 
as the frequency rises. Unless the inductance can be 


? 


“apparent resistance,’ 
“swamped ” by a large series resistance the readings will be seriously affected 
by a change of frequency. For ordinary frequencies (say up to 200 or 300 
cycles per second), such errors can be made quite negligible and, from all 
points of view, the moving-iron instrument is by far the most convenient and 
serviceable for alternating current measurements. 
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Hot-wire Instruments. 

Fig. 5 shows the mechanism of a hot-wire instrument. The current to 
be measured flows from terminal T, to terminal T, through the hot-wire H.W. 
This latter wire is kept in tension by another (T.W.) attached to its centre, 
and having a silk thread, S.T., attached to it, which after passing round a pulley 
on the pointer axle keeps the whole in tension, through spring S. The passage 
of a current through H.W. heats it and so allows it to sag under the influence 
of the spring S, and it will be evident that a small expansion of H.W. will be 
magnified in its effect on 7.W.,and still more so by the time the motion has 
been transferred to the thread S.T. and by it to the pointer. In this way, a 
minute expansion of H.W. will suffice to move the pointer over the scale. 
This very magnification, however, renders the instrument liable to disturbance. 
In order to prevent changes of atmospheric temperature from causing a deflec- 
tion of the pointer, the whole movement is mounted upon a base F, whose 


Fig.5. Hot-Wire Voltmeter. Fig.6. Connections for Shunted Hot-Wire Ammeter. 


co-efficient of expansion is equal to that of the wires H.W. and T.W., so that 
the effects of any expansion or contraction tend to cancel each other out, 
although anything like complete compensation is impossible. 

In the case of ammeters for larger currents than the single wire H.W. 
will carry, the current may be led into and out of it at three or more points, 
so that it flows through it by a number of parallel paths. By this means 
currents up to 15 ampères, or so, can be dealt with, but above this the wire 
must be shunted by a resistance, as shown in Fig. 6, where H.W. represents 
the hot-wire and S.R. the shunting resistance. For the measurement of 
voltage, a resistance of appropriate value is connected in series with the active 
wire in the same way as that shown in Fig. 2. 

The screw which is seen on the left of the terminal T1 in Fig. 4 is for 
the purpose of altering the tension of the wire H.W., ın order to compensate 
for any deviation due to changes of temperature, or any other cause. 
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The chief advantage which the hot-wire instrument possesses, when 
compared with the moving-iron, is that its indications are the same with direct 
current as with alternating current at any ordinary frequency. Apart from 
this, however, it suffers from a number of disadvantages, amongst which the 
following may be mentioned. Large power consumption, uncertainty of 
reading owing to imperfect temperature compensation, sluggishness in action 
due to the heat capacity of the wire, wandering of zero, a gradual creeping 
in the reading as the instrument warms up and, lastly, a scale which is very 
unevenly divided, having close divisions at the lower part and unduly wide 
divisions at the upper. 

Extra High Frequency Current Measurements. 

For certain purposes, notably for diathermy, currents of extremely high 
frequency are used (possibly millions of cycles per second), and it becomes 
important to measure them accurately. For this purpose the hot-wire instru- 
ment is the most satisfactory, but precautions have to be taken in its design. 
In many cases the currents to be measured exceed the straight through carrying 
capacity of the hot-wire (say 3 ampères) and the instrument has to be shunted, 
as in Fig. 6. It will be seen that the hot-wire and its shunt (S.R.) each consists 
of a straight conductor and for all ordinary frequencies they may be con- 
sidered as non-inductive. Actually, however, every conductor has self- 
induction-—it is merely a question of degree—and at the very high frequencies 
which we are now considering the effect of such self-induction becomes very 
marked. In fact, the distribution of the current between S.R. and H.W. 
depends more upon the relative self-inductances of the two paths than upon 
their relative resistances. To take an example, suppose the self-inductance 
of H.W. to be three times that of S.R. and the resistance of H.W. to be nine 
times that of S.R., then if 10 ampères of low-frequency current is passed through 
the combination it will divide itself in proportion to the resistances, that is 
to say 1/10th of it (namely, 1 ampère) will flow through H.W. With an 
extremely high-frequency current, on the other hand, the currents will divide 
themselves in porportion to the inductances and a quarter of the whole (vzz., 
2-5 amps.) will flow through H.W. Between these two limits of frequency 
the current in the active wire may be anything between one ampère and 
2-5 amps., according to the frequency. 

In the case of ammeters for currents not exceeding say 3 amps., a single 
wire can be used, and the difficulty does not occur, but for currents exceeding 
this the only method available is to make the ratio of inductance to 
resistance in H.JV. and S.R. the same. A system for carrying this into effect 
is shown in Fig. 7. The terminals are T, and T, and the current divides 
itself between the flat strips of resistance metal S.S.S. Of these, the 
bottom one forms the active element and its expansion is transmitted to the 
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pointer in the way already described. The strips S being symmetrically 
placed with regard to one another have equal inductance and, being likewise 
of equal resistance, the distribution of the current amongst them is the same 
at all frequencies. 

Pulsating Currents. 


In measuring the current passing through an X-ray tube a pulsating 
current, more or less unidirectional, has to be dealt with and it becomes 
important, in that case, to consider how the various classes of instrument 
will behave under such conditions. 

With the moving-coil pattern, the deflection is directly proportional to 
the strength of the current, the direction of the deflection changing with it. 
If an alternating current is passed through a moving-coil instrument it will, 
consequently, show no deflection, since the reversals are so rapid that the 
pointer cannot follow them and merely experiences a tremor. If, however, 
the value of the current in one direction is greater than that in the other 
the deflection of the pointer will represent the nett difference between the average 
values of the current flowing in these two directions. It is important to notice 
that, in such a case, the moving-coil milli-ammeter does actually measure 
the average value of the current. This has been repeatedly proved, both 
mathematically and by experiment, but it 1s a fact still sometimes disputed. 


Fig. 8. Sine Wave. 


VV V VV 


Fig.7 High-Frequency Hot-Wire Ammeter. Fig. 9. Rectified Sine Wave. 


If now, the same current is passed through a hot-wire instrument the 
result is very different. The heating of a conductor depends upon 
its resistance multiplied by the square of the current flowing. That 
is to say, with a given conductor, a current of 10 milli-amp£res 
will produce 100 times as much heat as a current of one milli-ampére 
and not merely ten times as much. The heat is, moreover, independent of the 
direction of the current. The deflection of a hot-wire ammeter, therefore, 
depends upon the square of the current and to deduce the current 
from its indications we have to take the square root of the deflection, 
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although to save calculation this is usually done for us in marking off the 
scale, so that it reads direct in ampères, milli-ampéres or volts, as the case 
may be. Although this is done, it must always be remembered that it is the 
square root of the mean square of the current (spoken of as the effective or 
R.M.S. value) and not the average current that 1t measures and, moreover, 
since the heating is independent of the direction of the current it is the sum 
of that flowing in each direction and not the net difference that is indicated. 
In the case of a moving-iron instrument the deflection represents a 
compromise. If the permeability of the iron was constant for all magnetic 
flux densities, then the deflection would depend upon the square of the current 
and it would measure the effective value of the voltage like a hot-wire instru- 
ment. If, on the other hand, the iron were magnetically saturated the deflec- 
tion would depend upon the average current, and in practice it lies between 
the effective value and the average value. The divergence from the former is, 
however, small, and it may be assumed, without serious error, that a moving- 
iron instrument indicates the effective value of the current, except when 
measuring one of very distorted wave form. The deflection is independent 
of the direction, but owing to magnetic lag (hysteresis) the deflection with 
an alternating current is slightly smaller than with the equivalent direct current. 
Thus the indications of the three types of instrument, with a given 
pulsating uni-directional current, may differ widcly—to an extent, in fact, 
which depends upon the shape of the current wave. Fig. 8 shows what is 
known as a ‘ 
ordinary alternating current supply. Fig. 9 shows the same wave, rectified, 
so as to give a pulsating uni-directional current. If a current similar to Fig. 8 


“sine wave,’’—a wave form which is closely approached by the 


is passed through a moving-coil ammeter there will be no deflection, if passed 
through a hot-wire ammeter there will be a deflection which we will assume 
to be 100 (indicating that the effective value of the current is 100 units). 
The wave of Fig. 9, on the other hand, if passed through the same hot-wire 
ammeter will again give a deflection of 100, but if passed through a moving- 
coil ammeter it will show as 90.* 

A moving-iron ammeter will probably read about 98 with the wave of 
Fig. 8 and perhaps 99 with that of Fig. 9. When the wave form is of such 
an irregular shape as that given by the secondary of an induction coil, for 
example, the difference in reading between a hot-wire instrument and a 
moving-coil instrument is indeterminate and depends upon the shape of the 
current wave, but the moving-coil milli-ammeter alwavs measures the true 
mean current, and since it seems fairly well established that the intensity 
of X-rays is directly proportional to the current, the mean current 
would seem to be the quantity actually required. 


*In the case of a sine wave the average value is 10 % less than the effective value. 
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In connection with the measurement of such pulsating currents, attention 
may be drawn to a danger which exists of the ammeter being damaged 
by sudden surges, such as are very likely to occur, in practice, whenever 
there is a sudden readjustment of the charge in any part of a circuit. A 
surge takes the form of a steep-fronted wave which rushes along the conductor, 
breaking down any insulation in its path. It has a particular aversion to 
following a curved path so that, rather than pass through the ammeter winding, 
it will break through the insulation between the ends and may do considerable 
damage to the instrument. There is a simple remedy for this trouble which 
consists in connecting across the terminals of the milli-ammeter a small con- 
denser. This condenser acts as an insulator to the uni-directional current, 
which is being measured, but to an oncoming surge, with its steep wave front, 
it offers little or no resistance, and thus effectively safeguards the instrument 
winding. The connections are shown in Fig. 10, where C is the condenser 
and M.C. the moving-coil winding. 


M.C. 


Fig. 10. Moving-Coil protected Fig. 11. Abraham Extra-Higb Tension 
by a Condenser. Voltmeter. 


Measurement of Voltage. 


As has already been said, it is an casy matter to measure voltage by 
means of an ammeter in series with which a known resistance has been con- 
nected. But this arrangement is unsatisfactory for the direct measurement 
of the very high voltages met with in X-ray work, owing to the large dissipation 
of power which takes place in the resistance. For this purpose, the only 
satisfactory apparatus is the electrostatic voltmeter. One form of this 
instrument consists of a fixed vane which attracts a pivoted vane carrying 
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a pointer. The higher the voltage between the two vanes the greater the 
attraction, and if the movement is opposed by a spring or by gravity the 
deflection will depend upon the voltage, and the scale can be marked off in 
volts. Such an instrument is not suitable for pressures above say 15,000 
volts and the range must be extended by some means external to the instru- 
ment itself. For alternating current testing this can be done by connecting 
a condenser in series with the instrument in place of the series resistance 
shown in Fig. 2. The movement itself represents one condenser, so that 
there are now two condensers in series and the voltage will divide itself between 
them in inverse proportion to their respective capacities. The range can be 
increased in this way to any desired extent, but, unfortunately, 
the method is useless for direct current, or even for a pulsating uni- 
directional current, owing to the impossibility of preventing leakage and to 
the gradual accumulation of charges on the plates of the condenser and the 
instrument. 

Fig. 11 shows a voltmeter due to Professor Abraham, which allows of 
the entire voltage being measured on the instrument itself, up to 300,000 
volts. The essential parts are the fixed plate A and the movable plunger B 
attracted by it. As B moves towards A, the rod C, which is hung by two 
flexible ligaments DD is moved to the right, and this motion is transmitted 
to the pointer E. At the other end of the shaft is a dashpot F which damps 
out any oscillations, in the event of a rapid variation in the voltage which is 
being measured. In order to shield the plunger B from the effects of neigh- 
bouring charged bodies, it is placed at the centre of a large plate G, which, 
like plate A, is carefully rounded at the edges to prevent a brush discharge. 
HH are porcelain insulators fixed to a solid base /, provided with levelling 
screws. The voltage to be measured is applied between the terminals Z and 
M and the scale is graduated so as to read direct in volts. The value of the 
force of attraction depends upon the distance between A and B—falling off 
almost in direct proportion thereto—and a number of ranges are obtained on 
a single instrument by varying this distance, by means of the divided rod 
and index K. For example, scales of 0-25, 0-50, 0-100 and 0-200 kilovolts 
are obtainable on a single instrument. This voltmeter, in common with all 
electrostatic instruments indicates the effective (R.M.S.) value of an alter- 
nating current voltage, and since air is used as the dielectric it is equally 
accurate whether used for continuous current, alternating current or pulsating 
uni-directional current of any wave shape. 

In the majority of cases it is the high tension secondary voltage of a 
coil or transformer that has to be measured. Now, if the ratio of transformation 
is accurately known the secondary voltage can, in such cases, be at once 
calculated from a measurement of the primary voltage—in fact a voltmeter 


166 The Journal of the Röntgen Society. OCT., 1922. 


connected across the primary terminals can be so graduated as to read 
the secondary voltage direct. A voltmeter is often so connected, but, unfor- 
tunately, the ratio of transformation is hardly ever known with any degree 
of certainty, since it varies so widely with the magnitude and quality of the 
secondary load. Particularly is this the case with an induction coil. As a 
result, the primary voltage affords only the roughest guide as to the secondary 
voltage. 


If, however, a voltmeter were connected across a twentieth, say, 
of the secondary winding, the total high-tension voltage should. very 
closely approximate to twenty times that measured by such a voltmeter. 
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Fig. 12. Measurement of Coil or Transformer, Secondary Voltage. 


Fig. 12 shows the connections for this arrangement. Besides being 
dependent upon the number of primary and secondary turns, the ratio of 
transformation varies with the following quantities :— 


The ohmic drop in the primary and secondary windings. 
Any magnetic leakage between primary and secondary. 
The permeability of the iron core. 


Any leakage or capacity current between turns or to “earth.” 


The effect of all these variables, with the exception of the last, is the 
same for all parts of the secondary winding, so that the voltage drop is prac- 
tically even throughout the secondary and a voltmeter connected as shown at 
V in Fig. 12, can be so scaled as to indicate the total high-tension voltage with 
considerable accuracy and at moderate cost. The voltmeter should be of 
the clectrostatic pattern, since, otherwise, the section of the winding across 
which it 1s connected would be carrying a larger current than the remainder 
of the winding and the ratio between this voltage and the total voltage would 


no longer be independent of the load. 
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In Fig. 12 one terminal on both the primary and secondary windings 
is shown as connected to earth. This need not, of course, be done if the 
voltmeter itself can be msulated, but, from all points of view, it seems 
preferable to earth some part of the high-tension winding so as definitely to 
limit the voltage to earth at all points. 

If the middle of the winding is earthed, the voltage of each end, to earth, 
is halved and it seems probable that this will ultimately become standard 
practice. When the middle point is earthed ın this way it forms the most 
convenient position for the insertion of a milli-ammeter, with the added 
advantage that it is, in such a position, well protected from damage due to 
the surges which have already been alluded to. | 


Measurement of the Peak Value of a Voltage Wave. 
For X-ray work the effective value is not always the one required. For 
‘quality ” of X-rays 
depends upon the peak value of the voltage, rather than upon either its effective 


£ 


example, there seems good ground for thinking that the 


value or its mean value. The peak value can be measured in two ways, 
either by the spark gap or by the oscillograph. 
The. Sphere Gap. 

The spark gap in its most accurate form consists of two spheres of large 
diameter capable of being fixed at various known distances apart. So long 
as the diameter of the spheres is at least 50 per cent. greater than the gap 
which separates them and so long as they are kept well away from other 
objects (at least three times the gap length), the sparking voltage is extremely 
constant and is usually considered to depend upon the peak value. Up to 
150 kilovolts (peak value),* 5-ın. diameter spheres can be used and the sparking 
distance, with one pole earthed. is, for 50 kilovolts 17 m/m., and for 100 
kilovolts 36 m/m. With 10-in. diameter spheres, the sparking distances are 
35 m/m. for 100 kilovolts, 56 m/m. for 150 kilovolts, 78 m/m. for 200 kilo- 
volts and 141 m/m. for 300 kilovolts. 

The point gap is often used to measure voltage. but is subject to many 
errors and cannot, in any case, be regarded as a reliable apparatus for voltages 
exceeding 30-40 kilovolts. The chief objection to the point gap is that, 


66 


owing to the sharpness of the points, a glow discharge called a ‘ corona ” 
forms at voltages much below that of breakdown. This discharge ionizes 
the air and so tends to irregularities in the breakdown voltage. The gap is 
very sensitive to disturbance by neighbouring objects and, for this reason, all 
other bodies, including the supports, must be kept a long way away from it. 
Again, the length of the gap for a given voltage is about four times as great 
with needle points as with spheres. The result of all this is that if satisfactory 


results are to be obtained, the space occupied becomes enormous. A 200- 


* The peak value of a sine wave is 40 per cent. greater than the eftective value. 
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kilovolt spark gap, for example, would occupy a space of about 8 ft. by 4 ft., 
and if this is compared with the spark gaps commonly employed, it will be 
evident why the indications of the latter are so notoriously unreliable. 

It is always advisable to connect a resistance in series with the gap, 
whether sphere or point, so as to limit the current which flows at the moment 
of breakdown to 1/10th of an ampére or les. A resistance of a 
megohm at 100 kilovolts is therefore suitable, and serves two purposes. It 
protects the plant from damage and the spheres from the pitting which occurs 
in the event of a heavy discharge current; but above all it prevents the 
occurrence of surges at the moment of sparking over, which are so liable to 
damage other apparatus connected to the circuit. A carbon-rod resistance 
is suitable for the purpose. 


The Osctllograph. 

In the oscillographic method of measuring the peak value of the voltage 
an extremely light and well damped voltmeter is used—light in order that it 
may follow the voltage wave at each instant and well damped in order that 
it may not overshoot the maximum point when it reaches it. For low voltages, 
the stretched wire oscillograph of Duddell is available. This consists of a 
fine wire stretched in a strong magnetic field. If this wire, connected in series 
with a non-inductive resistance, is subjected to the voltage to be measured 
it will be deflected in proportion to the value of that voltage, at each instant, 
and the deflection can be rendered visible by attaching a light mirror to the 
wire and projecting a beam of light therefrom on to a scale, which can be 
graduated in volts. The extreme point reached by the vibrating beam of 
light corresponds to the peak voltage. 

Such an instrument is, in most cases, useless for the measurement of 
high voltages, owing to the excessive power consumption. From this point 
of view the electrostatic oscillograph is a very great improvement, in that 
it consumes practically no power. An ingenious form is that due to Professor 
Taylor Jones, which consists of a thin strip of metal, under tension, connected 
to one pole and attracted by a carefully insulated conductor connected to 
the other pole. The deflection is then dependent upon the instantaneous 
value of the voltage between them and can be read in the way described above. 


General. 


There are a few gencral considerations in connection with the selection 
and use of electrical measuring instruments which it may be worth while to 
review. It is often a matter of some difficulty to decide upon the size of 
instrument to be adopted or, more properly, upon the length of scale. In 
view of the fact that the accuracy of reading obviously increases with the 
scale length, it might be thought that the longer this was the more accurate 
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must be the measurement. Such is, however, only the case,up to a point, 
since the accuracy of a measurement necessarily depends upon the intrinsic 
accuracy of the instrument even more than upon the closeness with which 
the indications can be read. Like most engineering questions it is a matter 
of the best compromise, and experience has shown instrument designers that 
there is a fairly definite angular deflection beyond which it is not possible 
to go without making sacrifices in other directions. This angle was until 
quite recently considered to be from 80° to 90°, but in the latest instruments 
it has been extended to over 120°, thus increasing the effective scale length 
by nearly 50 per cent. The improvement which this represents will be 
gathered from an inspection of Fig. 13, illustrating an ordinary instrument 
and a so-called “ Superscale ” instrument, side by side. This extension of 
the scale is obtained without departing from the normal designs (Figs. 1 and 4), 
which years of experience have proved to be the best. On the other hand, 
instruments have been developed from time to time in which, by means of 


Fig. 13. Ordinary Scale and ‘‘ Super-Scale'’ Compared. 


specially extended pole-pieces, or of gearing, or by other devices, the angular 
deflection has been increased to some 300°, but this is invariably accompanied 
by a reduction in the working forces with consequent loss of accuracy, so 
that the advantage is illusory. 

Taking all things into consideration a nominal 8-in. dial instrument, 
with an 8-in. scale, is probably the best, when it is required to read it at a 
distance or in a comparatively bad light, as is so often the case (for example 
with the milli-ammeter connected in the tube circuit). On the other hand, 
when the instrument can be read at close quarters a 4-in. dial (4-in. scale) 
is amply sufficient, or for many purposes even a 3-in. dial. 

A word may not be out of place on the subject of the use of the zero 
adjuster. It is sometimes found that the pointer of an instrument is “ off 
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zero ” although no current is flowing. This may be due to a number of 
different causes, and it is not always satisfactory to reset It to zero by means 
of the adjuster. If the displacement is due to distortion of the control spring 
or, in a hot-wire instrument, to a stretching of the wire, it 1s quite legitimate 
to reset it and the readings will be as accurate as before. But if the pointer 
has become bent, the balance will inevitably have been disturbed, and, particu- 
larly in the case of an instrument which is used with its face vertical, it will 
be inaccurate until it has been re-balanced. Even if the balance has not been 
disturbed, a bending of the pointer will cause errors in many classes of instru- 
ment—in the moving-iron pattern, for example, owing to the fact that the 
relative positions of the fixed and moving irons have been altered thereby. 
The same thing occurs in an electrostatic voltmeter, but in a moving-coil 
or hot-wire instrument little or no error is introduced. 


Another frequent cause of wandering zero is an electrostatic attraction 
between the pointer and the metallic:case of the instrument. This is liable 
to occur not only in electrostatic voltmeters, but wherever a large difference 
of potential can exist between any of the moving parts and the case. It is 
often observed, for example, with high frequency (diathermy) instruments. 
A simple remedy in every instance is to connect the case to one terminal 
of the winding. 


In selecting the range for an instrument it is always well to cess: the 
lowest which will cover the measurements to be made, since if too high a 
maximum is selected the part of the scale most used is necessarily reduced in 
length, with a corresponding sacrifice of accuracy. In choosing the range of 
a high-tension voltmeter or spark gap it is important to remember that the 
former measures the effective (R.M.S.) voltage, whereas the latter measures 
the peak value, which with a sine wave is 40 per cent. greater, and with a 
“peaky ” wave may be an unlimited number of times as great. 


In this connection, it is suggested that radiologists might be more specific 
when speaking of “ voltage,” as to whether it is the effective value or the peak 
value to which they refer. Confusion is apt to arise, since, to the electrical 
engineer the word “ voltage,” unless otherwise qualified, invariably means the 
effective value, whereas to the radiologist it more often means the peak value. 

Finally, a plea may be put in for a certain amount of care in the handling 
of electrical measuring instruments. Considering the smallness of the working 
forces they are remarkably robust. But, minute as is the weight of the 
moving parts, it has been calculated that the pressure on the pivot points of 
an ordinary instrument is of the order of a ton to the square inch. Bearing 
this figure in mind one has some conception of what a measuring Instrument 
goes through when it falls off a table on to the floor, 
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DISCUSSION. 


Major G. W. C. KAYE said that, while the paper did not contain sayin specially novel, 
it was enjoyable and very helpful educationally to the Society to have this question of measure- 
ment explored from the point of view of an electrical engineer. The chief thing which had 
interested him in the paper was the use of the sphere-gap for the measurement of high voltage. 
As he had pointed out on previous occasions, the advantage of a sphere-gap lay in two 
directions. In the first place, the sphere-gap as against the point-gap was affected in a 
perfectly definite fashion by the humidity. The other advantage was that the sphere-gap 
did not depend on the frequency and wave-form of the discharge, whereas the point-gap 
was very susceptible. As to the question of the root-mean-square voltage, while it was true 
that the output of X-rays was proportional to the square of the voltage at any moment, he 
did not think that viewing the matter practically it was fair to give all the‘ voltages in 
a wave the same weight. With the root-mean-square, or the square that one got by averaging 
squares of voltages and then taking the square root of this average, equal importance was 
attached to all the values, while the X-rays most useful to radiologists were the hard or filtered 
ones, 2.£., those representing the short waves. It would be better to measure the peak voltage 
and square that ; at any rate it would give something more representative of the useful X-ray 
output. 

Mr. W. E. SCHALL endorsed the usefulness of the paper from the point of view of a 
member of the X-ray industry. He and those for whom he spoke made the apparatus for 
producing the current for X-ray work, but they did not make the measuring instruments, 
or they made very few of them, such as the sphere-gap, and it was very much to the good 
that an electrical engineer should be interested in this matter, because the measuring instru- 
ments were perhaps the weakest side of X-ray work at present. He would like to take up 
this question of peak voltage because of its importance at the present time in connection 
with deep therapy. It was the rays of shortest wave-length which were used for this purpose, 
and these rays were produced by the highest E.M.F. which was put on to the ends of the 
tube—that is to say, the peak voltage. In his opinion the sphere-gap was the only instrument 
which would give a measure of that peak voltage. Major Edgcumbe said with regard to 
the milliamperemeter that it gave the arithmetic mean of the current. By that he took it 
he meant that supposing one had impulses of equal intensity coming through the tube at 
the rate of thirty a minute, the milliamperemeter would give one reading, if the impulses 
were doubled to sixty a minute the meter would read double. In neither case would it give 
the maximum value of any one impulse. It seemed to him that the instruments they had 
employed up to the present, with the exception of the sphere-gap, for measuring secondary 
voltages did not measure the peak voltage and were dependent on the frequency. If the 
frequency remained constant and other conditions of the circuit remained constant, then an 
electrostatic voltmeter, like the one on exhibition that evening, could be used for showing 
changes that were occurring in the peak voltages of the secondary, but only if the conditions 
of frequency and the rapidity of the break in the primary and so on remained constant, other- 
wise the readings of the electrostatic voltmeter were of no value. In conclusion, he noticed 
that in one of the illustrations given in the paper (Fig. 12), the author had shown one end 
of the primary connected to one end of the secondary. He did not know what kind of voltage 
the secondary was supposed to be producing, but if it was of the order of 200,000 volts, he 
would be glad to know what insulating material was used between the primary and the 
secondary. 


Mr. A. E. DEAN said that he had made a few experiments with high carbon resistances 
in the secondary circuits, and he was rather disappointed ; he found them very conductive, 
and when they got hot they conducted still more. With regard to sphere versus point-gap, 
he mentioned that it was a far greater strain on an instrument to test it with a point- gap, 
for it found out all the weak spots. 


Dr. F. HERNAMAN-JOHNSON expressed his appreciation of the paper, which was 
extremely clear and easy to follow. After using a sphere-gap now for several months he 
would not under any circumstances like to go back to the old point-to-point gap. The 
advantage of the sphere-gap was that one was able to reproduce the results definitely each 
time ; the same conditions would always give the same results. He would be very interested 
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also to hear Major Edgcumbe reply on the point concerning the carbon resistance. It had 
always puzzled him a little to know how these resistances such as carbon could save the coil. 

Dr. G. B. BATTEN said that one practical point arose in connection with what Major 
Edgcumbe had said about the protection of the instruments and the use of a resistance to 
prevent too much current going through the spark-gap. The author had suggested that a 
carbon resistance be put in. It seemed to the speaker—though he might be wrong—that 
the resistance of a carbon rod to a high voltage of something like 200,000 would not be suffi- 
cient if put in the direct path of the current. 


Dr. E. A. OWEN said that he had been greatly interested in the paper. There were 
one or two points to which he wished to allude. The author had told them that the moving 
coil milliammeter measured the arithmetic mean of the current. He had had occasion recently 
to satisfy himself that this was so. During the course of some work on the measurement 
of the intensity of X-rays emitted by a Coolidge bulb when worked on a coil outfit, it was 
found that when the voltage on the tube was kept constant the intensity of the radiation, 
as the current through the bulb was increased, tended to a constant value. Oscillograph 
records of the current wave-form under these conditions revealed the fact that the milliam- 
meter faithfully recorded the mean current, but that the maximum current was not propor- 
tional to the mean current. It would be useful if, in addition to possessing an instrument 
which registered the mean current, we had one also to register maximum or peak current. 

He also emphasized the fact that it was the peak and not the mean voltage that was 
required when dealing with hard filtered X-rays. It had been pointed out by Mr. Codd that 
instruments at present in use for measuring voltage have capacity which might be sufficient 
to upset the exact measurement of the true voltage across an X-ray bulb. He mentioned 
that the X-ray spectrometer was free from this objection and was used extensively in Germany 
to measure maximum voltage in connection with deep therapy work. 


Mr. OCKENDEN said that he had been very much interested in the paper. He thought 
there was one point on which there might be some confusion. It was the point of the root- 
mean-square and the average value. It might be taken that the energy was proportional 
to the heat which developed in the circuit, and the heat was proportional to the product of 
the current and pressure. What was not so obvious was that if one doubled the current, 
one put in four times the energy, because in order to double the current through the same 
circuit one had to double the pressure and to double the current at the same time. The 
result was that the energy in any circuit at any instant was proportional to the square of the 
voltage and the total energy curve in that circuit through one complete cycle would be, not 
the square of the total voltages, but the root of the mean of those squares. That differed, 
of course, from the ordinary average value. In some cases the root of the mean square would 
be the same as the average value, but where the sine law was followed only the root-mean- 
square could be taken as representing the energy given at that time. With regard to another 
point raised in the discussion, the milliamperemeter was absolutely independent of the 
frequency. It did not matter what the frequency might be. 


Major EDGCUMBE, in replying to the discussion, remarked that Major Kaye had said 
some complimentary things about electrical engineers being able to help the Society, but he 
(the speaker) was quite sure that the Society was a great help to electrical engineers. They 
often saw things in quite a new light when discussed at such a meeting and the electrical 
engineer had a great deal to learn from the radiologist. With regard to the particular point 
raised by Major Kaye, the speaker quite admitted that the peaks of the voltage curve were 
going to give the most X-rays, but at the same time it did not scem right simply to measure 
the height of the peak. One wanted some measure of the width of the peak, although he 
would not say whether the effective value of the voltage wave was the right thing. Mr. 
Ockenden had dealt with one of Mr. Schall’s points. As he understood it, Mr. Schall objected 
that whilst the millliamperemeter read the total current (and, therefore, gave the total energy 
if it was multiplied by the voltage), the voltmeter did not take into account the number of 
times the impulse recurred—and for that reason he (Mr. Schall) considered that the volt- 
meter reading was not correct. 


Mr. SCHALL here explained that his point was that the milliampcremeter gave, as it 
were, the mean readings between the maximum currents of cach impulse and the number 
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of impulses per unit of time. They were dealing with impulses which rose and fell, and they 
got a mean value and it had an integrating effect; but the voltmeter in the secondary, to 
be efficient, must measure the absolute maximum value of each single impulse, because each 
single impulse produced rays, and the wave-length of those rays depended upon the absolute 
value of the peak voltage. 


Major EDGCUMBE said it appeared to be the same question that Major Kaye and Dr. 
Owen had discussed, namely, whether one should measure the peak value, the root-mean- 
square value, or some other function of the voltage. He did not, in any case, see that they 
should take the frequency into account. Mr. Schall, again, had questioned his Fig. 12. Was 
he to understand that the coil maker earthed no part of the secondary winding ? 


Mr. SCHALL said that they had to construct coils and apparatus to produce 200,000 
volts, and the moment one end was earthed the apparatus broke down. Nothing would 
stand up to the pressure between the primary and the secondary. It was a serious difficulty 
for those of them who had to make spark coils. 


Major EDGCUMBE went on to say that this was a very interesting point. If the electrical 
engineer were dealing with such a case he would normally earth the middle point, but if the 
apparatus connected to the high tension secondary would not stand up to half the full voltage 
on either of its poles, he would have to earth one of his end coils. He did not know whether 
the tube-maker would object to having one pole earthed. Dr. Batten had questioned the 
permanence of carbon rod resistances. The speaker thought every one would agree that the 
carbon rod was of no use if one was going to keep a high potential across its ends for any 
length of time. But the carbon rod was perfectly satisfactory if merely used with a spark 
gap, which of course only acted at intervals, thus giving time for the rod to cool down. He 
would suggest putting it close up to and in series with the spheres so that the current would 
have to pass from the coil through one carbon rod, across the sphere-gap and back through 
the other carbon rod. 


Major KAYE said that this would answer perfectly well for either a carbon resistance 
or a water resistance. 


Major EDGCUMBE, continuing, said that he felt sure Mr. Dean’s trouble was due to 
keeping the voltage on the carbon resistance for too long a time. Mr. Dean had also said 
that it was a good thing to use an unprotected spark-gap because it really did test the gear. 
The speaker, on the other hand, did not think this at all advisable. It was never a wise thing 
to over-strain the insulation. If an excessive voltage was applied, it would be damaged 
permanently. Continued impact had a serious effect on the dielectric, so that surges con- 
tinually beating against insulators were found to break them down at a very much lower 
pressure than when they were new. Anything in the way of even a momentary over-strain 
was disadvantageous. 


Dr. Owen’s remarks were most interesting. His results seemed to show that since an 
ampéremeter gave the arithmetic mean of the current, the arithmetic mean was not what 
was wanted. There again they were waiting on the physicist to tell them what it was he 
really wanted them to measure. As regards the voltmeter used in Germany, which had been 
described by Dr. Owen, he had met it before and it always struck him as a very “ German ” 
arrangement. In the first place, it was a most complicated instrument for the performance 
of a very simple measurement, in the second place, it was a zero or “ spot dodging ” method 
and, thirdly, the scale had to be looked at through a telescope. No German was ever happy 
unless he had his eye glued to a telescope. 


Dr. OWEN pointed out that one did not have to look at the telescope, which was only 
for measuring the scale, and also that the instrument was very compact and very accurate. 


Major EDGCUMBE referring to the spectrum method which Dr. Owen had mentioned, 
said he presumed that it was based on the quantum limit. That, no doubt, was a very accurate 
method, but whether it was an everyday method it was not for him to say. He thanked 
Mr. Ockenden for having explained so clearly the meaning of the root-mean-square value. 


On the motion of the Chairman, a vote of thanks was accorded by acclamation. 
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A NEW MODEL X-RAY TABLE. 
By E. E. BurnsiDE, A.M.I.E.E. 
(Read Feb. Tth, 1922). 


HE main feature of this new Table is in the mechanical design, in that 

the tableis constructed throughout on ball bearings and so proportioned 
that the considerable weight of the protective material used is adequately 
supported, giving complete rigidity coupled with the maximum convenience 
in operation. The protection provided is in full accordance with the 
recommendations contained in the report of the Protection Committee. 


“ Universal” Table 1922 Model 


The ‘‘over-couch “ or compressor portion is supported on a pair of 
specially shaped castings designed to leave the maximum space clear for the 
manipulation of the patient, etc. The adjustments provided include a lateral 
slide and clamps for securing the tube at any angle in either plane. 


The X-ray tube (which is mounted in a rubber-lined shield with protected 
slots and cover) is provided with an independent stereoscopic adjustment 
which can be operated over the required 6 cm. distance without releasing the 
compression tube on the patient. This stereoscopic shift carries a cylinder 
diaphragm which moves inside the compression cylinder. The whole over- 
couch attachment can be moved up and down in a vertical plane by bevelled 
gearing controlled by means of a hand wheel. Both the compressor and 
jower tube carriage move on separate pairs of rollers. 
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The underneath tube-box which is covered by 3 mm. of metallic lead is of 
ample proportions, enabling the tube to be used up’to a potential of 10-in. 
equivalent spark gap between point and plane. Both longitudinal and trans- 
verse adjustments of the tube-box are obtained by means of a wooden arm, 
and owing to the ball bearing construction, the box in spite of its great weight 
can be moved by very slight pressure. The box can be further adjusted 
by the knees of the operator pressing against the two pads provided, allowing 
the box to be traversed along the length of the couch leaving both hands free. 
By means of a single lever clamp the whole carriage can be rigidly fixed in any 
position. On the upper side of the wooden arm, controls are fitted which 
operate the diaphragm, and an apron attachment is provided for cutting off 
secondary and scattered radiation. By means of a mirror at an angle of 45° 
the tube can be seen when working through a lead glass window 


In conjunction with the overhead tube carriage, a new type of automatic 
plate-changing device has been designed, which can be placed under the 
‚patient in any required position. The plate tunnel consists of three portions: 
the centre one being transparent to the radiation, and the two outer ones 
covered with lead. Beneath these a double cassette or plate carrier slides in 
a frame operated by springs. In use, the frame carrying the two plates is 
pulled to one end by means of a strap, and fixed under a catch. 


A pneumatic tube runs from this catch to a small bellows placed between 
a pair of plates attached to the stereo shift on the tube carriage. When the 
arrangement has been centred over the part it is required to radiograph, the 
first exposure is then made. To obtain the second exposure all that is necessary 
is to pull a cord which shifts the tube to its second position ; by so doing the 
pneumatic bellows are compressed and this automatically releases the catch 
holding the cassette, thus allowing the plates to shoot along into position for the 
second exposure. It is possible with this device, using a machine of moderate 
power, to obtain a pair of stereoscopic radiographs within two seconds. 


CORRESPONDENCE 


The Editor, Journal of the RÖNTGEN SOCIETY. 


Dear Sir,—In your issue of Jan., 1922, page 4, is the following :—“ The President of the 
Board of Education has stated the results of trial of X-ray treatment of tubercular glands n 
school children are not such as to justify further expenditure on the continuance or extension 
of the experiment.” 


In view of the particularly favourable report as given by R. H. Boggs, “ The Treatment of 
Tuberculous Adenitis by Röntgen ray and Radium ” (dm. J. M. Sc., July, 1921, clxii., 90), 
in which it was claimed that go per cent. of all tuberculous adenitis cases can be cured by 
Röntgenotherapy alone, I would be glad if details could be made available whereby the Presi- 
dent of the Board of Education arrived at his decision.—Yours faithfully, 


H. FLETCHER, F.R.CS. 
4, Collins Street, Melbourne, Australia, August 8th, 1922. 
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CINEMATOGRAPHIC EVENING. 
(May 2nd, 1922). 
a and, as it proved, a highly popular departure for the Society was 
inaugaurated this evening, two cinematographic films being shown. 
The first shown by Messrs. Watson & Sons (Electro-medical) Ltd., 
illustrated the preparation of radium from carnotite ore. The second shown 
by the British Thomson-Houston, Ltd., dealt with X-rays and their uses. 


PREPARATION OF RADIUM FROM CARNOTITE ORE. 
MR. GEOFFREY PEARCE said :— 

The cinematograph film you are to see to-night, illustrates the process 
of the mining and refining of radium. In common with other cinematograph 
films, the various processes are described by titles which appear on the screen. 
I will endeavour to supplement its descriptions as the film proceeds, but as I 
cannot hope to compete with the noise made by the projection machine, you 
will understand the film more fully if I tell you a few facts before we commence. 

The film has been produced by the Radium Chemical Company, of Pitts- | 
burg, Pennsylvania. The School of Mines at Colorado has stated that the 
Radium Chemical Company has produced 75 per cent. of the carnotite which 
has been mined in the United States, and further has produced half the world’s 
supply of radium, which is estimated at 150 grammes. You will therefore 
appreciate the importance of these pictures, as they show whence a large 
proportion of the world’s supply of radium is obtained. Further, you will 
readily understand after you have seen it why it is impossible to produce 
radium cheaply. 

The film is divided into three reels. The scene of the first is in south-west 
Colorado, a wild, desolate, uninhabited region. The deposits of carnotite 
ore are found in an area of about 800 square miles, 5,000 feet above sea level. 

It is interesting to remark that approximately 500 tons of carnotite 
contain | gramme of radium, whereas European ores contain 1 gramme in 
5 to 6 tons. The problem is largely one of transportation, as the carnotite 
ore is found in the mountains, and a further difficulty which had to be faced 
was the training of men who could be found to work in these desolate regions. 
After the ore is mined it is carried to a concentration mill. It is here that 
the content is reduced from 1 in 400 million to 1 in 100 million. This con- 
centration mill, employing 300 men, deals with the ore in loads of 500 tons—that 
is, a quantity sufficient to produce approximately I gramme of radium element. 

Since 1910, 30,000 tons of carnotite have been handled at the concen- 
tration mill. The ore, having been reduced to a powder, is then sacked and 
carried a distance of 65 miles to the nearest railway. For this purpose it was 
necessary to build 200 miles of roads so that the ore could be easily 
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transported by means of horse wagons and motor lorries. At the end of this 
journey of 65 miles, the ore is loaded into a narrow gauge railway which carries 
it to the main line, where it is again transhipped into a goods train preparatory 
to 2,300 miles’ journey to the reduction plant of the Radium Chemical Com- 
pany at Canonsburg. 

Canonsburg is a few miles outside Pittsburg in Pennsylvania, and it is 
here that the material is reduced to a crude radium barium bromide. The 
radium barium bromide is sent from the reduction plant to the research labora- 
tories of the Radium Chemical Company in Pittsburg, and the by-products, 
vanadium and uranium, are dealt with separately. The master-mind who 
conceived the idea of mining this low-grade ore was the late Mr. Joseph N. 
Flannelly, who, unfortunately; did not live to see the fruition of his efforts, 
as he fell a victim to the influenza epidemic which swept across America in 
1919. It was his goal to give the world all the radium it needed, and in this 
he has succeeded. The film closes with the visit of Madame Curie last year 
to the research laboratories of the Vanadium Building in Pittsburg, following 
her presentation with a gramme of radium by the women of America. 

A film, which was most interesting in every respect, was then projected. 
Not merely as an illustration of radium production was it notable, but also 
for its scenic value, the scene now lying along mountain roads, where some 
quite exciting transport problems presented themselves, and now in labora- 
tories, where the most fascinating processes and tests were carried out ; finally 
the glories and storeys of the Vanadium Building were brought forcibly to 
the attention. 

X-RAYS AND THEIR USES. 


MR. C. H. HOLBEACH said :— 

That the film needed no description from him, especially to the Röntgen 
Society, but he desired to explain that it was prepared for popular 
educational purposes, and therefore if some of the captions were elementary, 
he hoped they would be forgiven. 

The film began by showing the production of metallic tungsten, the 
preparation of the cathode and anode of the tube, the exhaustion of the bulb, 
and all the arrangements for X-ray production. The nature of X-rays, which 
might have been considered beyond the ability of the cinematograph artist, 
was nevertheless brought out by the lightning line-drawing methods which in 
other connections sometimes provide the comic element at the cinematograph 
halls. In this case the invisible pencil which drew so surely and to such effect 
provoked laughter, but laughter which was mingled with admiration, not 
only for the technical ability of the film-making, but for the general truth of 
the illustrations. The passage of the electrons and othcr abstruse phenomena 
of physics were delineated, in an exaggerated way, of course, but with essential 
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accuracy ; and the “fade-out ” trick was used to great advantage when it 
came to showing first the visible image and then the X-ray one. Perhaps the 
thing which members of the audience admired most of all—and envied not a 
little—was the wonderful celerity of the X-ray operator in the pictures—who 
got his screening results in the twinkling of an eye, and in a way that never 


erred. 

THE CHAIRMAN (Dr. G. H. Rodman) said that the Society would desire to extend its 
cordial thanks both to Messrs. Watson & Sons (Electro-Medical) Ltd., and to the British 
Thomson-Houston Company, Ltd., for so entertaining and instructive an evening. From his 
experience extending over a number of years he could not remember a meeting of the Rontgen 
Society in which there was so much laughter ; but the laughter did not indicate that what was 
brought before them was only of a light order, and great good would be done by the “releasing ” 
of these films for popular consumption. 

The vote of thanks was heartily accorded, and the proceedings then closed: 


ELECTRICITY IN GASES. 


The opening meeting of the North-Eastern Centre of the Institution of Electricai 
Engineers for the session 1921-22 was held on Oct. 24th, 1921, when Prof. W. M. Thornton, 
O.B.E., D.Sc., delivered his inaugural address upon “ Electricity in Gases as a Branch of 
Engineering.” The following is an abstract of the address :— 

Fitty years ago Maxwell predicted that research on electricity in gases would be the 
avenue by which the constitution of matter might be penetrated. This has been wonderfully 
justified, but, we are far from the end. It is easy to utilize molecular energy, to make and 
unmake molecules ; the whole science of chemistry and of organic life depends on the power 
to do this. There remains the stupendous step of unlocking atoms into their component 
electrons on an engineering scale, and the still greater feat of untwisting electrons into their 
mother ether. A loose charged molecule is a possible ion, or moving carrier of electricity. 
Since molecules of gases are separated more than those of liquids, the phenomena depending 
on ionization in gases are, on the whole, simpler than those in liquids. Radiation from flame 
is by far the most important practical electrical property of gases. Energy is radiated in 
ether waves whenever an isolated charge, or an atom, a system of both kinds of electrical 
charges, is accelerated or retarded, as when it is thrown into vibration by high velocity collision. 
At least a fourth part of the energy of the coal burning in a boiler furnace which reaches the 
water is transmitted to the heating furnace by electrical radiation from the atoms in flame 
and incandescent coal. Taking the total boiler power in the world as 50 million horse-power, 
at least 12 million horse-power is transmitted to the furnace walls by short ether waves, making 
300 or more billion oscillations a second from atoms in the furnace acting as electric radiators. 

Next in enginecring importance to radiation is electric ignition. The phenomena here 
are of great complexity. Ignition proper is not primarily a thermal process; the gases of 
the explosive mixture are activated or ionized both positively and negatively by the field 
across the gap, and are then ready to enter into combination when a molecule of combustible 
gas collides with one or more of oxygen. The gases must be freshly ionized at a certain critical 
intensity for combination to follow collision. How to produce this ionized state in the most 
eficient manner is the problem of the magneto industry. There are three ways in which. 
electrical action on gases may cause ignition, through direct intense ionization ; by collision 
of electrons with molecules, as in a jump spark ; or by: ionic emission from arcs on their poles 
when a circuit is broken, or by thermionic emission from hot wires. Of these, the first is the 
most effective in gases of high inflammability, such as petrol vapour, or coal gas ; the second 
in poor mixtures such as blast-furnace gas. The last is chiefly considered in its relation to 
danger of ignition of gases in coal mines. 

In the Diesel type of engine there is no direct electrical ignition, but a certain temperature 
by compression is necessary. Considering all chemical combination as electrical in origin, 
there are here two possibilities; either that the velocities of high temperature collision are 
those at which ionization by collision with electrons can occur: or that at the ignition 


OCT., 1922. The Journal of the Röntgen Society. 179 


temperature the energy of atomic collision and vibration is such that intense pulses of ether 
waves are sent out which ionize the adjacent gas molecules after the manner of X-rays, but 
more intensely, or that there is some form of thermionic emission from the gas molecules 
themselves. The absence of influence of magnetic fields on the velocity of transmission of a 
gaseous explosion favours the second hypothesis. 

Ironclad switchgear is an example of precautions taken to avoid flashing over following 
lonization in gases. All air is excluded, and in the most modern forms of making contacts 
there is no possibility of live metal coming permanently into contact with air. 

When a hot-wire lamp is broken in an explosive gaseous mixture, ignition is possible but 
not certain. As the temperature of a hot wire placed in an inflammable mixture is raised, 
nothing happens below 200 deg. Centigrade. At this temperature, far below red heat, a 
discharge of electrons from the wire begins, for negative electrons are always moving about 
freely in metals. The gas around the wire is ionized by this high-velocity discharge, and 
slow chemical combinations begin. The temperature of the surface then increases until the 
gas burns freely in contact with the wire at a white heat without flame. This is the pheno- 
menon of surface combustion, in which the greater part of the energy is in the form of radiation. 

The oscillations which can be made to occur in an arc circuit promise to be more far- 
reaching and permanent in radio engineering, for example, than the use of the arc as a source 
of light except for searchlights. The importance of electrical discharge in high vacua is shown 
in the development of the X-ray tube and of the triode valve. The triode valve can be made 
to give continued oscillations at high frequencies, and can, therefore, be used instead of a 
machine as a generator of waves in radio-telegraphy. As much as five kilowatts has been 
given out by a single valve, and by coupling valves in parallel large antennz currents have 
been obtained. 

When electrical discharge takes place in air at atmospheric pressure, not as streaming 
sparks, but as a corona glow, intense ionization by collision is produced. At low temperatures 
nitrogen compounds are very little formed, the effect is almost confined to activation of the 
oxygen, which under the intense electrification appears to break up and recombine to form 
ozone. This gas is manufactured on an engineering scale for bleaching or preserving foods 
and oils. It is the negative ionization which is effective, and when electrical discharge just 
falls short of the spark stage, it is the oxygen that is ionized first with a negative charge. When 
streaming sparks pass with more positive ions, nitrogen compounds are formed. This point 
is of importance in the theory of ignition, and i in the protection of high-pressure switchgear 
from the destructive action of ozone and nitric acid. 

The importance of the production of solid nitrogen compounds is recognized in Germany 
where many thousands of tons are made per year. In Scandinavia the electric arc method 
has been worked to a high pitch of efficiency. Britain is the last country to place extensive 
manufacture of nitrates on a sound basis. A plentiful supply of nitrogen for manures, with 
intensive mechanical cultivation of the ground, more co-operation, in fact, between engineering 
and agriculture, must come if we are to hold our own under all circumstance$ of peace and war. 

Clouds of smoke can be treated to cause an aggregation and deposit. The essential is 
a strong electric ficld sufficient to produce strong clouds of ions, electrons, or charged mole- 
cules. and to sweep them into contact with the smoke particles, charging them in turn, and 
carrying them, still colliding and gathering together, to the separator. The success of such 
an apparatus depends upon the success of one kind of ion, and in this discharge it is probable 
that the negative ionic discharge plays the leading part. 

The electricity of the atmosphere is by no means negligible in its bearing on engineering 
operations. The upper layers, ionized by radiation from the sun, form a conducting sheath 
enveloping the sunny side of the earth. This sheath has great influence on the propagation 
of electric waves, and on the success of radio-telegraphy and telephony. Electrical pheno- 
mena on, or near, the earth's surface are rarely beneficial in an enginecring sense. Electric 
storms are the bane of telegraphists, and in certain parts of the earth, South Africa, for example, 

they are of sufficient violence to shut down large overhead power systems. To counteract 
` the interference with power supply there is no remedy apart from safety valves for excess 
pressure surges, and the avoidance, as far as possible, of running power lines through lands 
having a loose and dusty surface. 

The address was illustrated by a series of experiments. 
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NOTE ON THF SPHERE GAP VOLTMETER. 
By E. A. Owen, M.A., D.Sc. 
The National Physical Lahoratory. 
(Read June 13, 1922). 

HE sphere gap has been found to be a reliable instrument for the measure- 
ment of high voltages and is at present extensively employed for the 
measurement of the maximum or peak voltage of transformers and 
induction coils. It has an advantage over the necdle gap in that it is indepen- 
dent of both the humidity of the atmosphere and the form and frequency of 
the voltage wave.* The values of the voltages obtained by means of it need 
only a correction for the variation of the density of the air. The needle gap 
is unreliable at high voltages on account of the coronal discharge which precedes 
the passing of the spark. This discharge ionises the air in the vicinity of the 
gap causing irregularities in the values of the break-down voltages. On this 
account the use of the point gap is limited to voltages not exceeding about 
50 or 60 kilovolts. The scale of the point gap is, however, more open than 

that of the sphere gap, which is an advantage. 

Owing to the closeness of the scale of the sphere gap it 1s necessary to 
bring the spheres together at a very slow rate so as not to overstep the point 
at which sparking-over occurs. An accurate reading of the length of the gap 
is required and it is often desirable when the gap is used in parallel with an 
X-ray bulb, to stop the spark without switching off the primary current as 
soon as possible after the sparking distance has been reached. 

The following is a design of sphere gap in which the above points are 
attended to and which has been found convenient in practice. The sphere 
A is mounted on a stout ebonite pillar (about 3 cm. in diameter). This can 
be moved along a slot-in the metal frame on which it stands and can be firmly 
clamped to it in any desired position. The sphere B is mounted on a similar 
ebonite pillar attached to a metal platform P running along two parallel 
steel guides C and D. The platform carries underneath it a half-nut which 
engages a screw thread cut in the steel spindle E which can be rotated by 
means of the ebonite milled-head F. The half-nut can be disconnected from 
the screw thread on spindle E by an eccentric controlled by the pulley wheel 
G. over which a string passes as shown in the diagram. It is so arranged 
that by pulling the string the nut disengages itself and the platform is drawn 
towards the right by the spring H which is attached to it and to the end of 
the fixed tube J. The screw thread has J mm. pitch and the milled-head on 
the spindle is about 5 cm. in diameter. The instrument carries a scale of 
millimetres at K which is situated where it can conveniently be read. This 


*See F. W. Peek, Trans. A.T.E.E., xxxiii., 1914, p. 923. 
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scale carries a vernier which reads to 0-05 mm. and is pushed along the scale 
by a steel pin attached to the platform carrying the sphere B. The method 
of taking readings is as follows. The platform P is pushed forward by hand 
(the half-screw nut being disengaged) and the sparking distance approximately 
determined. It is then set about a centimetre from this point and the vernier 
brought up to touch it. The platform is then moved slowly towards the left 
by turning the ebonite milled-head on the screw spindle. Immediately the 
spark passes the string is pulled; this disengages the nut and the platform 
carrying the sphere B slides back quickly leaving the vernier behind to be 
read at leisure. The violent shock produced with the possible displacement 
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of the vernier on the scale, if the platform were allowed to come up directly 
against the upright M, is prevented by the insertion of a short spring L on 
one of the horizontal steel guides carrying the platform. 

For the required accuracy it is necessary that the steel guides carrying 
the moving platform should be very carefully made and that there should 
be no play between them and the platform. Also the pillars supporting the - 
spheres should be as rigid as possible. 

For the larger gaps the sphere A is moved towards the left through a 
measured distance. For this purpose accurately-made distance pieces are 
inserted between the platform and the upright N. In this way the full advan- 
tage of the spring which draws the spheres apart can be obtained for any length 


of gap. 
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The ebonite pillars of the particular gap described here, which was in- 
tended to measure voltages not exceeding 150 kilovolts, were about 21 cm. 
long and for additional insulation sulphur rings about 5 cm. long were let 
into them. 

The spheres were 7-62 cm. (3 inches) in diameter. The following is a 
table giving the voltages at normal temperature and pressure for different 
lengths of gaps. They were obtained by comparison with the values cal- 
culated from the known constants of a transformer giving very approximately 
a sine wave form. 


Spark Gap, Kilovolts | Spark Gap, Kilovolts 

cm. (peak) | cm. (peak) 
aay 
| | 

0:5 | 17:6 3:5 97:2 
1:0 | 32-7 | 4:0 106:0 
1°5 | 46-9 | 4°5 115-0 
2:0 | 60-0 | 5:0 1245 
2'5 | 734 5°5 133:0 
3:0 ! 86-0 6:0 141-0 


| | 
In practice the gap is used between two water resistances so as to prevent 
arcing in the event of a heavy discharge current. 
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THE WAVE-FORM OF DUPLEX COILS FOR DEEP 
THERAPY. 


By MORTIMER A. Copp, F.Ph.S. 


Wo the increasing use of the Duplex Coil and its Continental equiva- 
lent for treatment in deep seated therapy, various statements, 
apparently widely circulated have come to the writers knowledge, 
which appeared entirely opposed to his experience, and it seemed worth while 
to discover if there was any basis of truth in these rumours. 

The first statement is that (a) an abnormally large primary condenser is 
required to annul oscillations in the secondary circuit and (b) that these 
oscillations are necessarily harmful both from the therapeutic point and also 
from the point of view of injury to the tube. 

The second statement is that a large gap in the neutral point of the secon- 
dary is necessary in order to ensure that the tube shall give out hard rays only. 

One of the writer’s Duplex Coils was set up with a boiling-water tube in 
circuit and with a current oscillograph between one of the coil terminals and 
a gas tube. The interruptor was arranged to run at fifty interruptions per 
second, using a primary capacity of the order of 0-5 Mfd. A 4-in. gap was 
arranged in the neutral point of the secondary between the coils. The 
resulting oscillogram of secondary current is shown in Fig. I. It will be 
seen that there are three very feeble peaks. 

Fig. 2 shows an oscillogram taken under exactly the same conditions using 
a capacity across the break of 2 Mfd. (increased to 5 Mfd. without visible 
alteration). It will be noticed that with the increase of capacity the peaks 
are slightly more pronounced, though with such a hard tube and such a small 
current (2-5 m.a.) the effects do not assume any great magnitude as they 
would with a softer tube, particularly if of the thermal type. 

Without altering the conditions of the remainder of the circuit the oscillo- 
graph was now put in series with the secondary at the neutral point. Scarcely 
any difference was noticeable whether 0-5 or 5 Mfd. capacity condenser was 
inserted in parallel with the break. As might have been expected, the current 
value and the height of the oscillations are increased (Fig. 3), since not only 
is the main current circulating at the neutral point, but also the additional 
current necessary to charge the secondaries themselves which act as capacities. 

From the foregoing I think then we may assume that any condenser 
sufficiently in tune with the self induction of the coils on load, and adequate 
to suppress undue heating of the interrupter, will suffice to attain the desired 
results unless several oscillations are wished for, and this we are told con- 
tinental technique holds as undesirable. In any case such oscillations are 
unattainable unless a large condenser is used, and then only with a moderately 
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soft tube (say 5-in. point gap) whether gas or thermal using a comparatively 
large current of the order of 20 m.a. By large condensers I do not mean large 
in capacity. The capacity may not be greater than 1 Mfd., but the actual 
size must be great in order to dissipate the heat due to di-electric hysteresis 
generated by the protracted runs necessary with this form of apparatus. A 
large factor of safety is necessary, because it must be remembered these Duplex 
Coils have a relatively high self-induction compared with the small coils hitherto 
used. 

Attention was next given to the statement that a large gap is necessary 
in the neutral point in order to obtain good results. Experiments were tried 
with the oscillograph both in the neutral point and also between the coil and 
tube. Starting with a gap between a point and 2 cm. ball of about 4 in., 
the gap was gradually decreased. On a frequency of interruption of 50 
no difference was observable with the gap in the neutral point till it had been 
reduced to about 2 in., when occasional inverse current was observed. The 
gap could be decreased to 1 inch without heavy inverse current being ob- 


—— 


Fig. 1. Fig. 2. 


tained. The neutral point was now connected across and the gap inserted 
between the coil and tube, with much better results. Inverse current was not 
observable under 1} in. gap, and the tube ran fairly well when the spark was 
decreased to 4 in. The reason of this is that whereas the gap in the neutral 
point has both the main and capacity currents to rectify, at the point between 
secondary and tube it has to rectify only the considerably smaller main tube 
current. 

I understand the Continental makers do not necessarily claim the gap 
in the neutral point as a rectifying gap, but as a gap arranged to give an im- 
pulsive discharge through the tube to cut out soft rays. If this is so, I fail 
to understand how such a gap in the neutral point can affect the tube, since 
any impulsive discharge must be damped out by the self-induction of the 
secondary. Furthermore the steep face of the wave form shows this to be 
unnecessary. The only effect of an additional gap of this magnitude in this 
position is to increase the spark length unnecessarily and to throw an addi- 
tional strain on the coils. 

A better plan to obtain a capacity effect in an impulsive discharge, and 
thereby add to the impulsc-ratio of the tube, is to mount two ball gaps of 2 
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cms. diameter each, or larger as circumstances may demand, one at each pole 
of the tube, the gap at each being of the order of 1 inch. These ball gaps 
will also act as rectifiers (see Journal of the Rontgen Society. Vol. XVIII., 
page 41). 

The last experiment consisted in repeating the first under the same con- 
ditions, except that the rate of interruptions was doubled (that is 100 impulses 
per second were used). The secondary current was 2-5 m.a. as before. Fig. 
4.shows the result. No gain or otherwise was noticeable in the hardness or 
other conditions of the tube. but it will be seen that the height of the peak 
is only rather more than half that obtained when using 50 frequency. Since 
it is the peak value that is the most efficient, it is conceivable that a slightly 
longer treatment may be necessary with increased rate of interruption. One 


Fig. 3. Fig. 4. 


unexpected result, however, was noticed, that is the gap, whether at the neutral 
point or between secondary and tube, could be completely short circuited 
without very much inverse current being generated and quite a small gap 
(about 0-5 inch) was sufficient entirely to suppress inverse current. It would 
seem from this that at any rate up to 100 interruptions per second and with 
these small currents, the tube has time to recover and present a condition of 
rest to each successive current wave. 

The substitution of the gas tube by a Coolidge tube working on a 10-in. 
gap gave very similar results, except that no rectifying gap was necessary. 

It should be remembered that the oscillographs given here are for currents 
only, but since the current is dependent to a great extent on the voltage curve, 
it is the writer’s opinion that they may also be taken to a large extent as 
indicative of the voltage wave applied to the tube, except, of course, in the 
case of Fig. 3, where large capacity effects are present. 


Summary. 


(1) The use of a large capacity condenser is needless, in that it does not 
affect the output, and would tend to give oscillations in the tube were it not 
for the smallness of the current flowing. The writer believes that these 
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oscillations would be useful if obtainable, but the smallness of the current 
flowing precludes their attaining any useful magnitude, even with a high 
capacity condenser. 

(2) A large spark gap in the secondary circuit is undesirable, particularly 
when placed in the neutral point. Relatively small rectifying ball gaps, having 
a certain capacity and placed between the secondaries and the tube, are more 
effective. 

(3) A slow rate of interruption is within limits probably better from a 
therapeutic point of view than a very fast rate, but interruptions up to 100 
per second can be used. 

The variance between the writer’s conclusions and those of continental 
workers would appear to be due either to some mis-apprehension on the part 
of the latter, or alternatively to superior efficiency in the design of the Duplex 
Coils used by the writer in his experiments. 


THE RONTGEN SOCIETY. 


ANNUAL REPORT OF THE COUNCIL. 
SESSION 1921-1922. 


The Society has come to the end of a very successful session, marked with exceptional 
activity in many directions. The meetings throughout the session have been well attended. 
This is due in no small measure to the fact that the Society has been fortunate in securing 
accommodation again in the Institution of Electrical Engineers, which is so centrally and 
conveniently situated for the members. The Council has much pleasure in thanking the 
Institution and its ofhcers for the care and attention they have given in making necessary 
preparations for the mectings. 

The Society has to deplore, during the past session, the death of three of its members : 
Lord Justice Fletcher Moulton, Mr. W. Shackleton and Sir Alfred Pearce Gould. Sir Alfred 
was a past President and took a keen interest in the work of the Society. His departure will 
be keenly felt by all those who came into contact with him. 

The session now closing was opened by Prof. J. W. Nicholson who, in his Presidential 
Address, reviewed the present position in radiology. He drew attention to the need of proper 
protection for workers dealing with X-rays and referred to the excellent work which had been 
taken up by the X-ray and Radium Protection Committee, which was initiated by Dr. Knox. 
The Committee has issued two reports which have already been found of value, both for the 
X-ray worker and manufacturer. 

The following papers were read before the Society during the session :— 

“Some Investigations on Transformer-Rectifier Sets for X-rays.” By M. A. Codd. 

“ X-ray Tubes Connected in Paralll.” By Major C. E. S. Phillips, O.B.E. 

“The Structure and Dimensions of Molecules.” By Prof. A. O. Rankine, O.B.E., D.Sc. 

“ Comparisons between the Therapeutic, Photographic and [Ionization Effects of Ultra- 

violet and of 8 Radiation.” By L. H. Clark, B.Sc., and B. W. Walters, B.Sc. 

“ Apparatus for Deep X-ray Therapy.” By E. E. Burnside, A.M.L.E.E. 

“ Electrical Measuring Instruments commonly employed by Radiologists.” By Major 

K. Edgcumbe, M.L.E.E. 
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The February meeting was devoted to a number of short papers and demonstrations of 
various X-ray apparatus. The following items were included :— 


“ A New High-Tension Generator for X-ray and other Work.” By W. H. Wilson, M.I.E.E. 

“ The Canny Ryall Diathermy Apparatus,” “ Ionostat,” “A New Iontoquantimeter,” and 
“ New X-ray Protective Material.” By H. C. Head, M.LE.E. 

“ The Taylor Jones Electrostatic Oscillograph ” and “ A New Design of Gold Leaf Elec- 
troscope.” By H. E. Donnithorne. 

“A New Boiling Water X-ray Tube.” By Cuthbert Andrews. 

“ Diathermy Apparatus.” By F. R. Butt & Co., Ltd., and 

“A New Model of X-ray Table,” by E. E. Burnside, A.M.I.E.E. 


The May meeting was devoted to the exhibition of two cinematograph films. The first, 
entitled “ The preparation of Radium from Carnotite Ore,” was exhibited by Messrs. Watson 
and Sons (Electro-medical), Ltd., and introduced by Mr. Geoffrey Pearce. The film illustrated 
the mining and transportation of the ore and the extraction of radium from it. The second 
film dealt with X-rays and their uses and was introduced by Mr. H. C. Holbeach on behalf 
of The British Thomson-Houston Co., Ltd. The films proved both instructive and interesting. 
The fifth Silvanus Thompson Memorial Lecture was delivered at a special meeting of the 
Society held in March, by Sir Oliver J. Lodge, F.R.S., who chose as his subject “ Magnetism 
and the Ether.” The meeting was one of the most successful ever held by the Society. 
During the course of the session, the Council passed a number of new by-laws relating 
to the publication of papers before the Society. These provide for the proper refereeing of 
papers submitted to the Society. This is undoubtedly a step in the right direction and is the 
course adopted at present by most of the scientific Societies in this country. 
By the courtesy of the authorities of the Institution of Electrical Engineers, the Library 
of the Society is housed in the Library of the Institution, where it may be consulted at any 
time by members. During the session the Council has elected a Library Committee to look 
after the interests of the Library. The Committee has elected the Junior Secretary (Dr. 
Russell J. Reynolds) as Honorary Librarian. 
The Council has had under consideration during the course of the session the need for 
establishing an Institute of Radiology. A Sub-Committee of Council has been appointed to 
confer with representatives of the B.A.R.P. and the Royal Society of Medicine as to the possi- 
bility of carrying this into effect. 
The Journal of the Society, under the editorship of Dr. Kaye, has been improved during 
the past session both as regards type and general “ get up.” The number of papers presented 
to the Society is such that Council will soon have to consider the possibility of increasing the 
size of the Journal. This step will be inevitable if progress is to be maintained, 
The Society is represented by Dr. Kaye on the Board of the Institute of Physics and by 
Dr. Owen on the Conjoint Board of Scientific Societies. 
The Society is much indebted to Prof. Nicholson for the way in which he has discharged 
his duties as President, often at great personal inconvenience. 
The acceptance of the nomination to the Presidency by Sir Humphry Rolleston for the 
coming session will receive the approval and cordial support of all the members. Sir Humphry’s 
notable work as chairman of the X-ray and Radium Protection Committee is fresh in our 
minds and the Society may confidently look forward to a successful year under his guidance. 
The closing meeting of the session will be devoted to the following papers :— 
“ Apparatus employed in Germany for the Production and Measurement of X-rays for 
Deep Therapy,” by F. L. Hopwood, D.Sc., and E. A. Owen, M.A., D.Sc. 

“A Balance Method of Measuring X-rays for Therapeutic Purposes,” by Prof. S. Russ, 
D.Sc., and L. H. Clark, B.Sc. 

“ The Ondoscope,” by F. L. Hopwood, D.Sc. 

“Note on the Sphere Gap Voltmeter,” by E. A. Owen, M.A., D.Sc. 


Finally, the Council would draw attention to the fact that the beginning of the new session 
will bring us to the twenty-fifth anniversary of the Society. During the quarter century the 
Society has been in existence there have been many changes and difficult times. It is 
gratifying to those who have had the welfare of the Society at heart during those years to see 
it pull through so successfully and to know that it is at present in a flourishing condition. 
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RECENT DEMONSTRATIONS. 


Tue lonostat, by Howard C. Head, M.I.E.E. (Read Feb. 7th, 1922).—The Ionostat is 
a patented instrument employing a new principle of electrical control delivering in a perfect 
and safe way a low voltage current. 

If a vessel formed of insulating material is partly filled with tap water and provided 
with two main electrodes, which are fixed near the sides of the vessel, at the opposite ends 
of a diameter and are connected respectively to the main current supply, a current will flow 
through the electrolyte and a potential gradient will be established throughout the liquid. 

If, now, two secondary or auxiliary electrodes are placed near the centre of the vessel, 
each at an approximately equal distance from each of the main electrodes, an exact adjust- 
ment can be made so that no potential difference exists between them. These secondary 
electrodes are then permanently fixed in this neutral or balanced position. 

Should, under these conditions, a piece of insulating material be introduced into the 
electrolyte in a position which is unsymmetrical in respect to a plane connecting the centres 
of the main electrodes, a potential difference will immediately develop between the two 
secondary electrodes. The extent and polarity of this potential difference depends upon 
the area and position of the insulating body. 


The desired control of the voltage and polarity in the shunt circuit is obtained by'mounting 
a suitable insulating body so that its normal condition is symmetrical to the plane connecting 
the main electrodes where it does not upset the balance of potentials at the secondary electrodes. 
The control of the current flowing in a circuit connecting the secondary electrodes is obtained 
by moving the insulating body to that in which the greatest potential difference appears at 
the secondary electrodes and the corresponding movement in the opposite direction provides 
a current flowing in the contrary direction, both of which can be varied from zero to maximum. 
The form of apparatus described constitutes a Wheatstone bridge, with the four arms formed 
of different sections, of a common electrolyte and the circuits connecting the two sets of elec- 
trodes are conjugate and can thus be interchanged without detriment to its efficiency. 

The Ionostat is a small self-contained instrument which is extremely compact and portable. 
For use it is simply connected to any convenient electric light socket of a direct current supply 
by the aid of a flexible cord and plug connector. The instrument will then furnish from its 
electrode, or patient’s terminals, continuous current at low voltage, which is perfectly safe 
under all conditions. . 


Digitized by 
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A special feature of the apparatus is that it is impossible for the patient or operator to 
become connected with either pole of the supply mains directly, since neither the regulator 
carries current nor do the patient’s electrodes alter their position in relation to the fixed 
electrodes connected to the mains, so that under all circumstances there always exists a high 
fixed resistance between the patient and the mains. 


The apparatus is free from the usual array of switches, reversing keys and sliding con- 
tacts, confusing to the operator and alarming to the patient. One simple adjustable lever 
arm provides perfect control of the current in the electrode or patient’s circuit and this single 
moving part combines in itself the function of a switch, commutator, undulator, reverser 
and regulator. The lever arm is provided with a pointer moving over a scale and when the 
pointer stands at zero no current flows in the electrode circuit, so that the lever arm acts 
as a switch, but unlike a switch it starts and stops the current by infinitely small gradations 
—in fact quite uniformly so that no shock or unpleasant sensation can be produced. The 
current rises at a uniform rate over the whole of the scale. 


Turning the adjustable lever arm from its central zero position towards one end of the 
scale will gradually increase the current to the required amount—while the pointer of the 
lever arm will be directed toward the positive electrode teıminal showing the direction of 
the current, and the degree of quantity of current is read on the milliampéremeter. Turning 
the adjustable lever arm back to zero and continuing its movement toward the other end 
of the scale the current will again rise in value, but with its direction reversed, but the pointer 
will still indicate correctly the positive terminal. Thus the lever arm acts as a commutator. 
Although this adjustable lever arm and the member attached to it acts as a switch, controller 
and commutator, etc., yet it carries no contacts, no electrodes and no contact parts of any 
kind. It is infallible in its action and practically indestruct ble, and there are no moving 
parts carrying current, so that short circuits owing to rubbing or chafing of contacts or cables 
are absolutely precluded. 


Another very important feature due to the patent control, is that the resistance lamp 
provided is not mounted on any moving part of the apparatus, so that the danger of short 
circuits from continually twisting current carrying parts is non-existent. Mistakes with the 
Ionostat are practically impossible, neither can the patient come into contact with the supply 
mains. The low voltage continuous current furnished by the Ionostat can be used for 
galvanization, ionization and its various combinations and forms of treatment. Also for 
faradization and for surgical lamps of all descriptions. Further, the instrument is extremely 
useful in laboratories and research departments, where a resistance of this type will always 
be found to be useful, and no doubt many other applications will suggest themselves. Although 
the present apparatus is a portable one for medical purposes such resistances can be made 
of any size or capacity. 


The Ionostat is complete in itself and only requires the addition of a little cold water. 
It is supplied in a convenient portable form, so that it can be carried about by hand, and 
it is complete with a suitable resistance lamp for connecting to all direct current supplies 
of any voltage from 50 to 250. The vessel containing the liquid and the electrodes for the 
supply current and the patient’s circuit, together with the current regulating plates, is sealed 
with a water-tight washer and is secured to the top of the vessel, so that once the liquid is 
put in, the Ionostat can be carried about and used for months without refilling or emptying. 


The overall measurements of the apparatus are 12 in. by gin. by Ioin. high. In cases 
of alternating current supply the Ionostat can be connected to a motor generator, and if the 
Ionostat is connected direct to an alternating current supply it will deliver sinusoidal current 
at the patient’s terminals. The apparatus possesses no running parts requiring attention, 
oiling and cleaning. There are no cells that require renewing or re-charging and there are 
no wire rheostats that oxidize and in consequence stick and give uneven and imperfect contact. 
Also there are no batteries with corroding terminals and constantly requiring re-charging. 
There is one adjustment free of all electrical contacts capable of the finest control and the 
apparatus has an output suitable for many purposes. 


* * x x 
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Tue RapiıorocicaL lonometer, by Howard C. Head, M.I.E.E. (Read Feb. 7th, 1922). 


In order that an ionization meter should come into everyday use in medical practice it should 
fulfil the following conditions :— 


1. Be very simple to handle. 

2. Allow of the easy measurement of the X-ray energy at the surface of the 
body (incident dose) and below the surface of the body (depth dose), for accurate 
determination of the ratio of depth dose to incident dose. 


3. Ensure parallelism of absorption between the tissues and the air of the 
ionization chamber by the elimination of every appreciable characteristic ray. The 
material chosen for the construction of the ionization chamber should have a small 
atomic weight so that it does not emit any characteristic radiation for the tensions 
usually used in medical radiology. 

The radiological ionometer answers these desiderata. 


Description of the Apparatus.—It is composed of a measuring apparatus, an ionization 
chamber and a conducting lead. 


(a) The measuring apparatus is an aluminium leaf electroscope having two sensitivities 
controlled by two different capacities, actuated by a push button. Withdrawing this button 
releases a spring which introduces an air condenser situated in the interior of the electroscope 
and constitutes the additional capacity, This increase of capacity considerably decreases 
the rate of the deflection of the gold leaf and allows the apparatus to work as an integrating 
quantitometer. The movements of the leaf are read on a ground glass carrying a graduated 
scale. A special device at the back of the apparatus emits a beam of parallel rays of light 
so that the image of the leaf is shown sharply defined on the ground glass scale. 
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The instrument is charged by means of a very small electro-static frictional machine, 
brought into action by a small handle, which at the same time communicates the charge 
to the insulated system. One can thus, dispensing with accumulators, batteries or compli- 
cated driving gear, charge the apparatus to any required division. If, during the process 
of charging, the selected division is passed a discharger on the top of the instrument permits 
the charge to slowly escape and allows the leaf to be brought exactly to the division desired. 

The clectroscope i is surrounded by a thick lead shield, connected to earth by a terminal, 
thus giving both a perfect electrostatic protection and a good protection against X-rays. 


Therefore, the electroscope can only be operated upon by means of radiation falling on the 
lonization chamber. 
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(6) The ionization chamber is constructed of a small hollow cylinder of graphite enclosing 
a central stem also of graphite. The latter is most carefully insulated from the walls of the 
cylinder and connected to the conductor by means of a bayonet fitting. Its exterior dimen- 
sions are 15 millimetres diameter and 30 millimetres long, so as to allow of it being introduced 
into the cavities of the body or into analogous positions : for example, in the central opening 
of the ionometric standard. This consists of a block of parafin of 20 cms. cube. The 
diaphragm permits of any opening up to 20 cms. by 20 cms. and a cavity at 10 cms. depth 
allows the introduction of the ionization chamber for estimating the depth dose. 


(c) The conductor connecting the ionization chamber to the electroscope is formed of 
a steel wire protected against leakage by very perfect insulation, the whole being covered 
by a brass tube connected to earth. In the clinical model, for conveniently introducing the 
ionization chamber into the cavities of the body, the two terminal parts of the brass tube 
carrying the connecting wire are formed by a series of insulating rings covered with a flexible 
metallic tubing. One can thus place the ionization chamber in any desired position. 


In the laboratory model, the flexible parts are not fitted. The very small error in this 
construction, due to ionization, is negligible in ordinary practice, but in very precise research 
work it is better for accurate measurements if the conductor takes the form of a rigid tube. 


Use of the Apparatus.—After connecting the flexible tube to the measuring apparatus, 
the conductor is connected by means of the wire spring to the stem carrying the gold leaf. 
The connector and outer case of the electroscope are earthed. A metallic filament lamp, 
used for illuminating the scale, is connected to the house lighting circuit in the usual manner. 

The apparatus is charged until, for example, division 50 is reached, and before switching 
on the X-ray tube the rate of fall of the leaf-is observed indicating the leakage value of the 
apparatus. Under ordinary conditions the leakage should be very small and the leaf should 
not fall more than one division in thirty minutes. If the speed is greater, it is caused by 
some accidental fault of insulation, due generally to a deposit of dust on the insulators, which 
of course, is easy to remedy. 

The apparatus is now ready for measuring the intensity of the X-rays. This intensity 
can be measured during the treatment of a patient, but the instrument should first be calibrated, 
using the same high-tension apparatus tube, electrical conditions, filtration and the same 
opening of the irradiation cone. To carry this out the ionometer is connected with the small 
capacity, the ionization chamber is placed on the surface of the standard and afterwards 
under the same conditions at 10 cms. depth whilst the tube is working. The value of the 
ratio of the depth dose to the incident dose will then be obtained for deep radio-therapy. 

In addition to the ionometer there is a protective screen, lined with 3 mms. of lead 
and fitted with a lead glass window. The advantages of this screen are to protect the operator 
—to protect the ionometer by an extra screen of lead in addition to that entering into its 
manufacture—that is to say, the instrument is protected against superfluous ionization that 
is not screened by the protective shield of the tube. 

There is also an ionometric standard so that one can ascertain the amount of radiation 
absorbed in passing through 10 cm. of tissue and the amount of secondary radiation diffused 
in the same tissue. 


It is difficult to compare this instrument with the type used in Germany, but the following 
comparisons may be of interest :—The conductor of the ionometer is 2 metres in length and 
provided with flexible ends which can be placed on or introduced into the patient, whereas 
with the German instrument there is a rigid conductor only and that is of deficient length. 
Measurements can be made with this instrument without moving the tube from the apparatus 
in which it is placed for treatment of the patient. In the other instrument it is necessary 
to remove the tube from its stand in order to place it in a special support for standardizing 
and measuring. Measurements can be taken through the whole of the treatment with this 
instrument and the natural leakage is practically negligible, but this cannot be carried out 
with the other instrument. It is possible to arrest the leaf at any division desired by means 
of the special control provided, which is absent in the German instrument. 

It may be of interest to mention that Drs. Béclére, Ledoux-Lebard, Bergonié, Ragoud, 
etc., of France, and Dr. Case of America, use this apparatus for deep therapy. 

* * * * 
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Tue “ Canny RYALL ” PortABLE DIATHERMY Apparatus, by Howard C. Head, M.I.E.E. 
(Read Feb. 7th, 1922).—In designing the “ Canny Ryall” Portable Diathermy Apparatus 
special attention has been given to the construction of the apparatus in order to extend its 
field to the general medical and surgical treatments by diathermy currents, as well as for 
the special treatment in genito-urinary surgery. 


The transformer, condensers and spark gap are all contained within the cabinet, which 
has a front panel of specially insulated material upon which the terminals, milliampéremeter, 
switches and controlling gear are mounted. Below the panel is situated a drawer for the 
accommodation of electrodes, connecting cables, etc. In a second cabinet is placed a rotary 
converter—we have mounted the rotary converter in this way since it is not required in the 
case of alternating current supplies. With direct current by adopting this method the weight 
is well divided, both cabinets being very compact. There is also a special footswitch which 
is provided with two sets of contacts, one pair for switching on and off the rotary converter 
and the other for switching on and off the diathermy apparatus. The great advantage in 
having such a combined foot switch is that in the first case the rotary converter can be placed 
at a distance and, therefore, the slight noise produced by a running machine need not disturb 
the operator. Secondly, the control of the diathermy current by means of the foot leaves 
both hands of the operator free to manipulate the electrodes. 


The “ Canny Ryall” Portable Diathermy Apparatus consists of a step-up transformer, 
condensers, spark gap with radiating ribs and resonance transformer. Each machine is 
arranged to work off the following currents—ı100 to 200 alternating current 50 to 60 periods 
and 200 to 240 alternating current 50 to 60 periods, so that practically all alternating current 
supplies can be connected to this machine. Where direct current only is available the separate 
rotary converter is required, the diathermy apparatus being already provided with the necessary 
connecting position for the alternating current generated by the rotary converter. Fitted 
in the rotary converter cabinet are switches and resistances, so that the same rotary converter 
can be connected to direct current supplies of 100 to 200 volts and 200 to 240 volts. 


It will be therefore apparent that if one has a portable diathermy machine and the suitable 
rotary converter, one is able, with these two pieces of apparatus, to deal with all standard 
direct and alternating current supplies. This provides, therefore, a universal machine ready 
for use in any existing town that has an electric current supply. 


The transformers and condensers call for no special description, but I would like to point 
out that the spark gap has been constructed to enable the “Canny Ryall” Diathermy 
Apparatus to be operated during prolonged treatments without the development of excessive 
heat, so that the physician or surgeon can rely on being able to carry out the whole of his 
work without being interrupted by irregularity of the spark gap. It is located at the back 
of the apparatus and has a fixed gap so that it requires no attention. 


The hot wire instrument is of special pattern and is centrally fitted so that it comes 
directly under the eye of the operator. Owing to the special control and balance of the various 
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parts there is a complete absence of the so-called “ faradic ” sensation. The current is fed 
into the diathermy apparatus by means of a flush plug fitted into the base of the cabinet. 
The foot switch is connected in parallel with the “ main switch ” so that the machine may 
be operated independently of the foot switch by means of the main switch if so desired. 
To protect against accidentally switching on the apparatus before the “ selecting switch ” 
has been placed in its correct position, according to the supply current being used, there is 
a ‘fuse box ” provided with a fuse, which is blown should such a false connection be made 
and thus the apparatus is protected from damage. It is only necessary to replace the fuse 
and to place the ‘‘ selecting switch ” on to its right voltage stud to put things in order. 
The “ resonance transformer ” is for the control of the current in the patient’s circuit 
and by rotating the handle the current may be adjusted to any required value between zero 
and maximum. The hot wire “ milliampéremeter ” is permanently connected in the circuit 
and indicates the current that is being conducted through the patient. The terminals at 
the bottom of the panel marked “ patient’s terminals ” are for use for surgical and medical 
work, and to them are attached the various electrodes that are used in connection therewith, 
such as surgical electrode, indifferent electrode, etc. The “ Canny Ryall ” Portable Diathermy 
Apparatus can be used with the utmost success for all genito urinary surgery, particularly 
in diseases of the bladder, urethra, prostate, ureter, etc., which require currents ranging from 
0'3 to 0'7 of an ampère. This current is measured through the resistance of the patient and 
is not the short-circuited current, which is considerably higher, but as an indication of the 
output of the apparatus is of no value. It is the current that one can obtain through the 
electrode and patient that indicates the true value of the output of the machine. 


* * * a 


A DIATHERMY Apparatus (Exhibited Feb. 7th, 1922).—Messrs. F. R. Butt’s representative 
exhibited a diathermy apparatus which he said resembled the earlier Siemens model with 
certain improvements. No alteration had been made in the spark gap, because it was con- 
sidered the “ Siemens ” gap was the best; the changes were confined partly to the trans- 
former, but mainly to the condensers. The original condensers were not satisfactory ; they 
rapidly gave out and the transformer was not on a sufficiently high ratio to give any regulation 
on the spark gap. To overcome that the ratio of the transformer was increased and small 
copper-mica condensers were employed, three of which were. connected in parallel on the 
transformer circuit and one on either side of the patient’s circuit. The condensers were 
perfectly steady and did not make any noise. The result was a balanced circuit and the 
outfit took a much smaller current than the German one. The German apparatus required 
Io to 15 amps., generally 15 amps., but the one he exhibited only required 7 amps., yet gave 
a larger output than its predecessor. The outfit had been improved in several ways to make 
it more suitable for general work than the German one, and would be found to be capable 
of everything that was required of it, not only for surgical diathermy, but for high-power 
diathermy, for which there was some call. The apparatus was connected to a rotary converter. 


x * * * 


An Automatic Osmo-Recutator (Exhibited Feb. 7th, 1922).—Mr. A. E. Dean exhibited 
an apparatus which had been designed to control automatically the gas in an Osmo tube. 
Osmo-regulation would, he thought, be largely demanded for deep-seated therapy. Dr. 
Wintz had achieved the same end by means of a milliammeter ; he relied, as many of those 
present were no doubt aware, on the moving of his milliammeter to make contact, and that 
contact in turn operated a relay which opened a supply of gas, turning the little pilot jet 
into a big jet. That was also the purpose of the present apparatus, but, instead of relying 
on a milliammeter, ordinary coal gas, which was expanded by the passage of the alternative 
spark gap, was used. The alternative spark-gap was put in parallel across the coil and the 
gas was allowed to flow in through a little non-return valve and fill up the apparatus. Through 
a gas-tap sufficient gas passed across for a pilot jet, which was, as a rule, fixed on the tube 
itself. When the tube got too hard an alternative spark would warm the gas, which expanded 
and depressed a mercury column which allowed the big jet to come on. The apparatus did 
not rely on electrical mechanism. 


* * * * 
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Tue TAyror-Jones ELecTrostarıc ÖscıLrocrarn (Exhibited Feb. 7th, 1922).—Mr. H. 
E. Donnithorne exhibited the electrostatic oscillograph that had been designed by Protessor 
Taylor Jones and used by him in his work on the induction coil—work the results of which 
had lately been set forth in his excellent book The Theory of the Induction Coil (Pitman). 
The ordinary form of oscillograph could not be used to measure extremely high potentials. 
The instrument he exhibited consisted of a tightly stretched fine strip of wire, supported 
near, but very well insulated from, a small plate. One pole of the induction coil, or whatever 
was being measured, was connected to the strip and the other to the plate. Any potential 
between the strip and the attracting plate caused a slight deflection of the strip towards the 
plate. The strip carried on it a small diamond-shaped mirror, and one corner of the mirror 
was supported on a little ebonite block so as to be movable, the other corner being supported 
by the strip and having to move with it. Consequently, whenever the strip moved, the 
mirror was tilted to a certain angle and would, therefore, deflect a ray of light striking on 
it at an angle proportional to the deflection of the strip. The capacity of the instrument 
was minute and, therefore, it did not alter the wave-form of any potential it measured, and, 
owing to its construction, it could be used to measure very high potentials. The strip was 
buried in an ebonite tube and all that was required, when working with high potentials, was 
to make the tube sufficiently thick. The strip itself was immersed in oil, which improved 
the insulation and damped out any vibration. It had been used for potentials up to 250,000 
volts and Professor Taylor Jones had detected with it waves of a period of 1,500 up. 


* a * * 


A New Desicn or GoLp-LeAr Execrroscore (Exhibited Feb. 7th, 1922). —Mr. H. E. 

Donnithorne exhibited a gold-leaf electroscope designed by Dr. E. A. Owen (Journ. Rönt. 
c., Oct., 1920, p.149). 

The electroscope was in a small case of lead, } in. deep, to protect it from stray radiation. 
The two ends of the lead case were made to slide out, exposing aluminium windows, so that 
it could be used as an ionizing chamber. The bottom could also be made movable if required. 
The chief point about the instrument was the method of insulating the gold-leaf holder. The 
little stem which held the gold- leaf was fixed into an ebonite block, which was grooved out 
and had a sulphur ring cast into it to prevent any surface leakage. As a consequence the 
instrument with minute capacity would hold its charge for many hours with practically no 
leakage at all. Another point was the charging device; by the utilization of a light spring 
to hold the charging nipple in place, it was possible to push the rod down without disturbing 
the rod holding the gold-leaf. All who had used the instrument spoke very highly of it. 


THE RONTGEN SOCIETY. 
HONORARY TREASURER’S REPORT FOR 1921. 


I beg to submit to the Members of the Röntgen Society a statement of Accounts for the 
year ended 31st December, 1921, and a Balance Sheet as at that date. 

In spite of the increase of the Membership Subscription from f1 Is. to {2 2s. per annum, 
J regret to report that tor the second successive year, the income of the Society has been in- 
suflicient to cover the outgoings, the deficiency for 1921 being {60 175. This, to a certain 
extent, 1s accounted for by an increase in the size of the Journal during that year and to the 
publication of the rules of the Society and the list of Members ; but the chief factor contri- 
buting to this discouraging result is the large amount of unpaid Members’ subscriptions for 
which no credit has been taken in the Accounts. 

The amount in arrear at the 31st December last exceeds (130, in spite of repeated appli- 
cations for payment, and it should be remembered that the defaulting Members have, through- 
out, received the full benefits of the Society’s literature and periodicals. 

The sales of the Journal still continue to increase in a satisfactory manner. 

GEOFFREY PEARCE, 


Hon. Treasurer. 
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PROCEEDINGS OF THE RONTGEN SOCIETY. 


The Annuar GENERAL MEETING of the Röntgen Society was held at the Institution of 
Electrical Engineers, Savoy Place, Victoria Embankment, London, W.C.2, on Tuesday, June 
13th, 1922. Prof. J. W. Nicholson, M.A., D.Sc., F.R.S. (President) occupying the Chair. 


The Minutes of the previous Annual General Meeting were read and confirmed. 
The Secretary (Dr. E. A. Owen) read the Report of the Council (p. 186). 


Dr. Finzi, in proposing the adoption of the Report said he was sure everyone would join 
with him in congratulating the Secretaries, not only on the Report, but on the work they had 
done during the Session. 


Dr. Hopwood in seconding the adoption of the Report, heartily endorsed what the pro- 
poser had said. 


The Motion was then put and carried unanimously. 


The Hon. Treasurer (Mr. Geoffrey Pearce) read his report and presented the Balance 
Sheet (p. 194). 

Major Edgcumbe, in moving the adoption of the Report, said he would like to draw 
attention to the enormous amount of work which devolved on the Hon. Treasurer. Only 
those who had the pleasure of being associated with him on the Council could realize what a 
vast amount of work he performed. Whenever there was an odd job to be done, it was given 
to the Hon. Treasurer, and he always did it. 


Mr. Andrews seconded the motion. 


The President said that before putting the motion to the vote he would like to confirm 
what had been said with regard to the Hon. Treasurer. Personally, he was a Member of 
several Scientific Societies, and he did not know of any Society which was so lucky as the 
Rontgen Society in its Hon. Treasurer. 


The motion was then put and carried unanimously. 


The list of Officers and Members of Council for the Session 1922-1923 submitted by the 
Council (p. 182) was adopted unanimously. 


The President congratulated the Society on securing the consent of so eminent a medical 
man as Sir Humphry Rolleston to serve as President for the forthcoming year. According 
to the custom of the Society, the President for the following year must be primarily a medical 
man, and the Society were very fortunate in finding one so distinguished as Sir Humphry. 


* * $ * 


An ORDINARY GENERAL MEETING followed. 
The Minutes of the previous Mecting were read and confirmed. 
The following new members were elected :— 
Hugo Flecker, M.B., C.M., Sydney, M.R.C.S.England, L.R.C.P.London, F.R.C.S.Ed., 
24, Collins Street, Melbourne, Victoria, Australia. 
Proposed by Robert Knox, seconded by G. B. Batten. 
Thomas Irby Wallace, M.B., Ch.B., Longreach Hospital, Longreach, Queensland. 
Proposed by L. E. Burt, seconded by E. H. Willis. 
John Philip Ten Bruggenkate, 18, Nassau Road, Barnes, $.W.13. 
Proposed by R. S. Wright, seconded by E. E. Burnside. 
The following papers were then read :— 
(i) Paper on “ German Apparatus for the Production and Measurement of X-rays for Deep 
Therapy.” By F. L. Hopwood, D.Sc., and E. A. Owen, M.A., D.Sc. 
Gi) Demonstration of “A Balance Method of Measuring X- ree for Ther gpeutic Purposes ” 
By Prof. S. Russ, D.Sc., and L. H. Clark, B.Sc. 
(iii) Demonstration of “ The Ondoscope.” By F. L. Hopwood, D.Sc. 
(iv.) Note on “ The Sphere Gap Voltmeter.” By E. A. Owen, M.A., D.Sc. 
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REVIEWS. 


Ether-Electricité. Relativisme. By Général Chapel. (Paris, Gauthiers-Villars), pp. 40. 
Price 2 fr. 5o. 

Generals and lecturers are perhaps entitled to be dogmatic; and this is a reprint of a 
lecture by a general. Its thesis is that the conception of an ether, which is material, gravitating 
and kinetic, forces itself upon us as essential to future progress in the sciences depending on 
electricity. The ether of General Chapel is a super-gas of very small density, formed by 
“ molecules ” having a mean effective velocity of 420,000 km. per second, and obeying the laws 
of the kinetic theory of gases. The velocity of light in the ether follows the same law as the 
velocity of sound in a gas. 

Within the compass of a single lecture it is no doubt not possible to do more than indicate 
the bare outlines of such a theory, to present some analogies, and pass lightly over the 
difficulties ; the polarization of light is briefly mentioned. General Chapel’s ether is carried 
along with the earth and the Michelson-Morley experiment requires no further explanation. 

The second part of the lecture “ Relativisme ” deals with the Einstein theory, which is 
repudiated and denounced, not altogether convincingly. We need not attempt to follow the 
author in his objections; they have been expressed before, if not with equal conviction, by 
other adherents to classical theory, and we do not find any new points to which attention need 
be specially directed. On ether theory the average physicist will probably prefer to preserve, 
for the present, a balanced mind. | F.J.S. 

* * *  & 
Les Preuves Astronomiques de la Relativité. By E. Esclangon, Director of Strasburg 
Observatory. (Paris, Gauthiers-Villars, pp.27. Reprint from the Bulletin Astronomique). 

Informed criticism of a new theory is always valuable, or, at the least, interesting. If the 
theory is true—in the sense in which the “ truths ” of a theory is now understood—it can but 
serve to establish it the more firmly. If the theory is false it will help to demolish it. 

The convinced relativist will no doubt come to the conclusion that M. Esclangon has failed 
to free his mind from the ingrained prejudices due to an already absolute mode of thought. 
M. Esclangon does not reject the Einstein theory: he holds it, for the time, “ not proven ” 
and asks us to suspend our judgment until more completely reliable evidence is forthcoming. 
This is an attitude with which no one will quarrel; but the bias of the relativist will be to 
expect the data to fall in with the theory and he will regard M. Esclangon’s bias against it as 
ill-founded. 

The difficulty felt by most critics of the theory relates to the relativity of time measure- 
ment. M. Esclangon offers us, by way of example merely, an alternative measurement of 
equal intervals of time : the intervals between successive eclipses in a double star. Surely not 
a simple measurement, nor one easily freed from gratuitous assumptions. The attraction 
of the Einstein theory lies precisely in its freedom from such assumptions and in its simplicity. 
M. Esclangon finds a difficulty also in accepting the velocity of light as a limiting velocity : he 
suggests how we may conceive of greater velocities being produced; how we shall observe and 
measure such velocities, limited as we are by our powers and means of observation, he does not 
clearly consider. 

But the main part of this brochure is directed to a discussion of the main verifications of 
the generalized theory of Einstein, the motion of the perihelion of mercury, the deviation of 
light by the sun, and the displacement of the lines of the solar spectrum towards the red. 
M. Esclangon finds the verification insufficient. His difficulty with regard to the orbit of 
mercury we do not quite follow. He seems to make it an objection that the explanation of 
this requires the application of the Newtonian theory as well as of Einstein’s, and appears not 
to realize that Newton’s theory is contained in Einstein’s and that the latter adds only a small 
correction to the motion as predicted by Newton. With reference to the second verification, 
he discusses at length the Sobral observations, suggests that other formule than that derived 
from Einstein’s theory can be found to fit them equally well, or even better, and declares them 
inconclusive. All those interested will at least agree with M. Esclangon that corroboration 
is desirable. Finally, he concludes that the verification in the third case, the displacement of 
the spectrum lines, is the most complete, but still far from perfect and susceptible of theory 
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explanations. The more recent experiments of Perot and the re-examination of their earlier 
results by Fabry and Buisson have gone far to establish concordance with the Einstein theory. 

It is difficult in a brief summary to do justice to M. Esclangon’s examination of the position. 
It may be readily agreed that more complete verification is required and that the efforts which 
are being made to obtain it are well worth the time and labour involved. 


F.J.S. 
* * *  & 
Le Principe de la Relativit# et la Théorie d’Einstein. By M. Léon Bloch. (Paris, Gauthiers- 
Villars), pp. 42. 

This is a reprint of two lectures delivered by M. Bloch at the “ Ecole supérieure des Postes 
et Télégraphes.” They give a brief, but interesting, account of the main ideas of the theory of 
relativity both in the “ restricted ” and “ generalized” form. There is naturally no attempt 
to present the theory in any new light: the purpose of the lectures was to set out the 
fundamental basis of the theory in the simplest manner and with the minimum of mathe- 
matical detail, and this aim is successfully achieved. As lectures, the exposition was doubtless 
well received ; in print their value is somewhat diminished, but it would appear that Einstein’s 
theory continues to arouse exceptional interest in Paris, and it may be assumed that this little 
book will find its public. It is not long since Einstein himself was in Paris and received an 
enthusiastic reception ; and there is no sign yet of any flagging of interest in his work. 


| F.J.S. 
* * * * 
Rayonnement et Gravitation, By Felix Michand. (Paris, Gauthiers-Villars). pp. viii. + 

63. Price 6 fr. 

The Michelson-Morley experiment leads to the conclusion that, relative to the observer, 
the velocity of light is the same in all directions, within the limits of accuracy of the observa- 
tions. A second observer, in motion relative to the first, reaches the same conclusion. Each 
makes observations of certain world-events. How are we to correlate their observations ? 
Einstein proposes, in his second principle, that their units should be so chosen that each 
represents the velocity of light by the same number, which may conveniently be taken as unity. 
The well-known relations connecting the measurements of space and time are then deduced. 
We cannot avoid these relations, without denying the accuracy or validity of the Michelson- 
Morley experiment, except by postulating an absolute time, the same for both observers. 
Einstein’s merit is to have pointed out that time, as well as space, is relative; we have no 
means of defining absolute simultaneity. 

M. Michand has difhieulty in accepting these conclusions. He holds to the first principle 
of relativity, he accepts the results of the Michelson-Morley experiment, but he boggles, 
apparently, at the choice of units which gives the same value to the velocity of light for both 
observers. He returns, unconsciously it would seem, to the motion of an absolute time, which, 
however, he wisely avoids attempting to define. 

With relativity, however, M. Michand, in this volume, is not greatly concerned. He is 
seeking, not a mathematical description of gravitational and electrical phenomena, expressed 
in the simplest form and freed frem arbitrary assumptions, but a physical explanation of 
gravitation in terms of some simpler phenomenon, This latter he takes to be radiation. From 
this point of view his work is by no means without interest. He gives a simple account of 
certain properties of radiation and wave transmission, with a facility of explanation which will 
appeal to the reader whose mathematical equipment does not extend beyond the elementary 
conceptions of the infinitesimal calculus. He rejects the ether—or rather, avoids the 
assumption of an ether—but takes space to be filled with a very rarefied gas or medium capable 
of transmitting radiation; the transmission of light through this medium is not sensibly 
affected by motion of the latter. As he explains, this is an astonishing phenomenon and 
imposes a conception of radiation analogous to that of a projectile. 

Space would hardly permit a critical examination of his argument. In the first part of the 
book he discussed various problems of the optics of bodies in motion, the Fizeau experiment, 
the Doppler principle, the velocity of light relative to a source or observer in motion, the 
Sagnac experiment, the transmission of radiation in different media, the formula of Fresnel, 
the laws of Stefan and Wien. The second part is entitled “ Gravitation and Inertia ” and is 
an attempt to establish a radiation theory of gravitation and to explain on the same basis, the 
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identity (or proportionality) of gravitational and inertial mass, the variation of mass with 

velocity, the phenomena of cohesion and capillarity, etc. The final chapter indicates in outline, 

the method the author hopes to follow, in a later essay, in applying a radiation basis to the 

explanation of electricity and magnetism. FJS 
+ * * & 

Isotopes. By F. W. Aston (Arnold). 152 pp., 21 fig. 9/- net. 

This is an invitingly written account mainly of the author’s researches at the Cavendish 
Laboratory, Cambridge, the results of which have proved of the very first importance. No 
more readable and authoritative account of this fascinating subject has been written, and we 
predict an extensive vogue for the book among physicists and chemists. We most cordially 
recommend the volume to our members, many of whom will still have delightful recollections 
of Dr. Aston’s lecture on the subject to the Society. 


NEW PATENTS. 

Abridgments of recent Patent Specifications bearing upon the subiect of X-Rays and Allied 
Phenomena.—Compiled for publication ty H. T. P. Gre, Patent Agent, Associate I.E.E.: 
Staple House, 51-52, Chancery Lane, London, W.C.2. 

175,032. Electric discharge apparatus. British Tuomson-Houston Co., Lro., 83, 
Cannon Street, London. (General Electric Co., Schenectady, New York, U.S.A.) Nov. 5, 1920. 
In a lamp or rectifier, a glow discharge takes place from a heated cathode in the vapour of 
an alkali metal at such a low pressure that it has a positive characteristic as distinguished 
from the negative characteristic of an arc discharge, i.¢., below about 0-05 mm. of mercury 
and within a range of vapour pressure corresponding to temperatures between 200 and 300° C, 
Under these conditions it is stated that the cathode does not disintegrate at voltages of the 
order of 100 and currents of over 100 milliampéres and the current remains constant through- 
out a considerable range of voltage. The ionized vapour neutralizes the space charge and 
thereby greatly increases the current-carrying capacity of the lamp. In the apparatus shown 
in Fig. 2, applicable as a lamp or rectifier, the cathode 6 consists of a coiled filament of tungsten 
or other refractory material. The anode Q also may be of tungsten. The envelope 5 is of a 
E not acted on by the filling-material, for example the refractory boro-silicate known 

“ Pyrex” glass. The envelope is thoroughly exhausted, during which process the glass 
is heated almost to its softening-point to remove water a Preferably a small amount 


of sodium is introduced into the dried and exhausted bulb, and the bulb is heated to expel 
the sodium vapour. This process may be repeated. Finally, a quantity of purified and 
redistilled sodium is introduced and allowed to remain in the bulb. The bulb may, if necessary 
during working, be heated or cooled externally to maintain for temperature between 200 and 
300° C. The cathode temperature should correspond to an efficiency of about one watt per 
candle. In the lamp shown in Fig. 1, a looped tungsten or other refractory filament 14 is sup- 
ported by hooks 18 embedded in porcelain or glass buttons 16, 17 carried by astem 15. The 
stem 15 and hooks 18 are of tungsten, nichrome or other material more refractory than glass. 
The leading-in wires 19, 20 are of tungsten, molybdenum, etc., and extend from the seal to 
the opposite end of the framework. When operated on either direct or alternating current, 
a glow discharge takes place between portions of the filament at different potentials, and may 
emit several times the candle-power of the flament. The conductors adjacent to the leading- 
in conductors are of stout wire to avoid over-heating. The envelope may be double-walled, 
the space between the walls being evacuated. 
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175,254. Electric discharge devices. NAAMLOOZE VENNOOTSCHAP PHILIPS’ GLOEILAMP- 
ENFABRIEKEN, Noord-Brabant, Emmasingel, Eindhoven, Holland. Jan. 16, 1922. Convention 
date, Feb. 10, 1921. A solid compound is introduced into a gas-containing tube which, during 
manufacture or afterwards, affects the surface of the cathode so that the voltage necessary to 
produce a discharge is reduced. The compound may be contained in a vessel which is sealed 
oft when the manufacture of the tube is completed. Potassium nitrate, chlorate or perman- 
ganate, barium peroxide or calcium chloride or phosphide may be used for this purpose. 
With a tube containing neon or other rare gas, or mixture thereof, and two iron electrodes the 
introduction of a small quantity of potassium nitrate reduces the discharge-voltage from 200 
volts to less than roc volts. 


175,258. Electric discharge devices. NAAMLOOZE VENNOOTSCHAP PHILIPS’ GLOEILAMP- 
EN FABRIEKEN, Noord-Brabant, Emmasingel, Eindhoven, Holland. Jan. 23, 1922. Convention 
date, Feb. 9, 1921. A tube, for use as a relay or amplifier, in which a glow discharge is produced 
only at the cathode, has one or more control electrodes mounted in close proximity to the 
anode, and maintained at a potential lower than that of the anode. Argon, neon or other 
rare gases or mixtures thereof may be used as the filling. The anode and control electrode 
may each consist of a coil of iron wire of the same diameter, in the common axis of which the 
cathode, in the form of a pin or small plate of magnesium, is arranged. The potential between 
the anode and cathode may be 120 volts, and the potential of the control electrode may be 
20 volts or less below that of the anode. 


175,274. Electric discharge lamps. NAAMLOOZE VENNOOTSCHAP PHiLips’ GLOEILAMP- 
ENFABRIEKEN, Noord-Brabant, Emmasingel, Eindhoven, Holland. Feb. 8, 1922. Convention 
date, Feb.9, 1921. Several glow discharges in series are produced i ina single lamp, for instance, 
three discharges in a lamp at 220 volts. A series resistance is unnecessary. 


175,275. Electric discharge devices. INAAMLOOZE VENNOOTSCHAP PHILIPS’ GLOEILAMP- 
EN FABRIEKEN, Noord-Brabant, Emmasingel, Eindhoven, Holland. Feb. 8, 1922. Convention 
date, Feb. 9, 1921. The cathode of a gas-filled discharge tube is made of a material for which 
the energy necessary for emitting an electron corresponds to less than 3 volts. Magnesium 
and electropositive metals and their alloys and oxides are suitable. The prior use of sodium 
and potassium and alloys thereof is referred to. 


175,460. Induction coils. GUNSTONE, A. C., Lancaster Cottage, Beaconsfield, Bucking- 
hamshire. Dec. 3, 1920. The secondary winding of an induction coil is divided into two 
or more sections, and the current in half the number of sections 1s reversed at each make and 
break of the primary circuit by means of a commutator, so that the inverse secondary currents 


produced on making the primary circuit oppose one another in the sections of the secondary. 
In the arrangement shown, the secondary winding is divided into two sections 5,, Sa the current 
in the section s, being reversed by a commutator r. The primary winding is also divided into 
two sections pı, Pe connected in series through a mercury-jet interrupter k. 
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